Google 


This  is  a  digital  copy  of  a  book  lhal  w;ls  preserved  for  general  ions  on  library  shelves  before  il  was  carefully  scanned  by  Google  as  pari  of  a  project 

to  make  the  world's  books  discoverable  online. 

Il  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  thai  was  never  subject 

to  copy  right  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  dillicull  lo  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  lo  a  library  and  linally  lo  you. 

Usage  guidelines 

Google  is  proud  lo  partner  with  libraries  lo  digili/e  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  lo  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  panics,  including  placing  Icchnical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  n  on -commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  thai  you  use  these  files  for 
personal,  non -commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  lo  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  lile  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use.  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 

countries.  Whether  a  book  is  slill  in  copyright  varies  from  country  lo  country,  and  we  can'l  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  I  lie  lull  lexl  of  1 1  us  book  on  I  lie  web 
al|_-.:. :.-.-::  /  /  books  .  qooqle  .  com/| 


THE  JOURNAL 


OF 


BIOLOGICAL  CHEMISTRY 

rOUlTOBD  BT  CHRISTIAN   A.   HERTEB  AND  SUSTAINED  IN  PAST   BT  THE  CHRISTIAN  A.  HERTKR 

MEMORIAL  FUND 


& 


EDITED   BY 


|L  D.  DAKIN,  New  York  City.  A.  N.  RICHARDS,  Philadelphia.Pa. 

DUNHAM,  New  York  City.  DONALD  D.  VAN  SLYKE,  New  York  City 

PAYETTE  B.  MENDEL,  New  Haven,  Conn.  CLARENCE  J.  WEST,  New  York  City. 


WITH  THE  COLLABORATION  OP 


J.  J.  ABEL,  Baltimore,  Md. 

R.  H.  CHITTENDEN,  New  Haven,  Conn. 

OTTO  FOLIN,  Boston,  Mass. 

WILUAM  J.  GIBS,  New  York. 

L.  J.  HENDERSON,  Cambridge,  Mass. 

RKID  HURT,  Boston,  Mass. 

W.  A.  JACOBS,  New  York. 

WALTER  JONES,  Baltimore,  Md. 

J.  H.  KASTLE,  Lexington,  Ky. 


J.  B.  LEATHES,  Sheffield,  England. 

P.  A.  LEVENE,  New  York. 

JACQUES  LOEB,  New  York. 

A.  S.  LOEVENHART,  Madison,  Wis. 

GRAHAM  LUSK,  New  York. 

A.  B.  MACALLUM,  Toronto,  Canada. 

J.  J.  R.  MACLEOD,  Cleveland,  Ohio. 

JOHN  A.  MANDEL,  New  York. 

A.  P.  MATHEWS,  Chicago,  IU. 


F.  G.  NOVY,  Ann  Arbor,  Mich. 

THOMAS  B.  OSBORNE,  New  Haven,  Conn. 

T.  BRAILSFORD  ROBERTSON,  Berkeley,  Cal. 

P.  A.  SHAFFER,  St.  Louis,  Mo. 

A.  E.  TAYLOR,  Philadelphia,  Pa. 

F.  P.  UNDERBILL,  New  Haven,  Conn. 

V.  C.  VAUGHAN,  Ann  Arbor,  Mich. 

ALFRED  J.  WAKEMAN,  New  Haven,  Conn. 


VOLUME   XXVI 

Baltimore 
1916 


i 


Copyright  1916 

•T 

THE   JOURNAL   OF   BIOLOGICAL   CHEMISTRY 


Chemistry  Lib* 


PUBLISHED  BY  THE  ROCKEFELLER  INSTITUTE  FOR  MEDICAL   RESEARCH  FOR  THE 

JOURNAL  OF  BIOLOGICAL  CHEMISTRY,  INC. 

COMPOSED  AND  PRINTED  AT  THE 

WAVERLY  PRESS 
By  the  Williams  &  Wilkins  Company 

• 

Baltimore,  TJ.  S.  A. 


CHEMISTRY 
LIBRARY 


CONTENTS  OF  VOLUME  XXVI. 

Osborne,  Thomas  B.,  and  Mendel,  Lafayette,  B.  A  quantitative 
comparison  of  casein,  lactalbumin,  and  edestin  for  growth  or 
maintenance. 

Epstein,  Albert  A.,  Reiss,  Joseph,  and  Branower,  Jacob.  The  ef- 
fect of  surgical  procedures  on  blood  sugar  and  renal  permeability. 

Frankel,  Edward  M.  A  comparative  study  of  the  behavior  of  puri- 
fied proteins  towards  proteolytic  enzymes 

Lewis,  Howard  B.  The  metabolism  of  sulfur.  I.  The  relative  elim- 
inations of  sulfur  and  nitrogen  in  tlie  dog  in  inanition  and  sulise- 
quent  feeding.      

In  uiv,  11  AKii v.     Physiology  of  the  phenols , 

<  sdxka.  Fha.nk  A.  The  influence  of  LDgMted  carbohydrate,  protein. 
and  f»t  on  the  bloudatigsr  in  phli.tM-m  (Lisbetei 

I. m i >■>! i ■■• .  Till  \v  bV,  'i i" I  ( 'iir.T'-in-. n.  LaoMAU)  H  ,  Jr.     ftese&rcbua  on 


On  page   41(1,    V  ,. 
i  tert  should  re*'i 


1TO,  Ullzu.     The  formation  of  (/-lactic  acid  by  the  autolysis  of  pus. .  .   173 
Gortner,  Ross  Aiken.     The  origin  of  the  huruin  formed  by  the  acid 
hydrolysis  of  proteins,     II,     Hydrolysis  in  the  presence  of  car- 
bohydrates and  of  aldehydes 177 

Habkinb,  Howard  D.     The  uric  acid  solvent  power  of  normal  urine.  .     205 
Croeier,  W.J.     Cell  penetration  by  acids.     II.     Further  observations 

on  the  blue  pigment  of  Chromodoris  zebra 217 

Crozier,  W.  J.     Cell  penetration  by  acids.     III.     Data  on  some  addi- 
tional acids 225 

Mitchell,  H.  II.     Feeding  experiments  on  the  substitution  of  protein 

by  definite  mixtures  of  isolated  ammo-acids 231 

Hateman,  W.  O.    The  digestibility  and  utilization  of  egg  proteins —  263 
Osborne.  Thomas  H..  and  Mendel,  Lafayette  B.     The  effect  of  the 
,     amino-Bcidcotilentofthedietonthegrowthofchickcns.    Plate  1.  293 


M58»1E6 


PUBLISHED  II Y  THE  ROCKEFELLER  INSTITUTE  FOR  MEDICAL    REAEAHCH  FOR  TUX 

JOI.RKAL  (IP  BIOLOGICAL  CHEM1STRT,  INC. 

COMPOftED  AND  PRINTED  AT  THE 

WAVERLY  PRESS 
Bt  the  Willi  a  mb  A  Wilkixs  Company 
Baltimore,  U.  S.  A. 


09& 

CHEMISTRY 
LIBRARY 


CONTENTS  OF  VOLUME  XXVI. 

Osborne,  Thomas  B.,  and  Mendel,  Lafayette,  B.  A  quantitative 
comparison  of  casein,  lactalbumin,  and  edestin  for  growth  or 

maintenance 1 

Epstein,  Albert  A.,  Reiss,  Joseph,  and  Branower,  Jacob.     The  ef- 
fect of  surgical  procedures  on  blood  sugar  and  renal  permeability.    25 
Frankel,  Edward  M.    A  comparative  study  of  the  behavior  of  puri- 
fied proteins  towards  proteolytic  enzymes 31 

Lewis,  Howard  B.  The  metabolism  of  sulfur.  I.  The  relative  elim- 
inations of  sulfur  and  nitrogen  in  the  dog  in  inanition  and  subse- 
quent feeding 61 

Dubin,  Harry.     Physiology  of  the  phenols 69 

Csonka,  Frank  A.     The  influence  of  ingested  carbohydrate,  protein, 

and  fat  on  the  blood  sugar  in  phlorhizin  diabetes 93 

Johnson,  Treat  B.,  and  Cretcher,  Leonard  H.,  Jr.     Researches  on 

pyrimidines.     LXXIX.     The  synthesis  of  thymine-4-aldehyde. .     99 
Levene,  P.  A.,  and  West,  C.  J.     Cerebronic  acid.     V.     Relation  of 

cerebronic  and  lignoceric  acids 115 

Funk,  Casimir.     The  dialysis  of  trypsin  and  the  proteoclastic  action 

of  the  protein  cleavage  products 121 

Robertson,  T.  Brailsford,  and  Miyake,  K.  The  influence  of  ethyl 
alcohol  and  glycerol  upon  the  rate  of  solution  of  casein  by  sodium 

hydroxide 129 

Levene,  P.  A.     Chondrosamine 143 

Levene,  P.  A.     The  synthesis  of  hexosamines.     1 155 

Baltar,  J.  O.     The  physiological  action  of  glucal 163 

Ito,  Hiizu.     The  formation  of  ^/-lactic  acid  by  the  autolysis  of  pus. . .   173 
Gortner.  Ross  Aiken.     The  origin  of  the  humin  formed  by  the  acid 
hydrolysis  of  proteins.     II.     Hydrolysis  in  the  presence  of  car- 
bohydrates and  of  aldehydes 177 

Haskins,  Howard  D.     The  uric  acid  solvent  power  of  normal  urine. .     205 
Crozier,  W.  J.     Cell  penetration  by  acids.     II.     Further  observations 

on  the  blue  pigment  of  Chromodoris  zebra 217 

Crozier,  W.  J.  Cell  penetration  by  acids.  III.  Data  on  some  addi- 
tional acids 225 

Mitchell,  H.  H.     Feeding  experiments  on  the  substitution  of  protein 

by  definite  mixtures  of  isolated  amino-acids 231 

Bateman,  W.  G.     The  digestibility  and  utilization  of  egg  proteins 263 

Osborne,  Thomas  B.,  and  Mendel,  Lafayette  B.     The  effect  of  the 
§     amino-aeid  content  of  the  diet  on  the  growth  of  chickens.    Plate  1.  293 

■  •  • 

in 


M581*1C6 


Contents 

,  Hiizir.  The  effects  of  temperature  and  fever  upon  the  synthesis 
of  ethcroil  sulfuric  and  urochloralic  acids  in  the  organism 301 

WF.Li.f,  H.  Gideon.  The  accumulation  of  uric  acid  in  the  tissues  dur- 
ing suppression  of  urine 319 

Cbonka.  Franx  A.     The  fate  of  ingested  starch  in  phlorhizin  diabetes.  327 

.Robe,  William  C.  Experimental  studies  on  creatine  and  creatinine. 
V.  Protein  feeding  and  creatine  elimination  in  pancreatic  dia- 
betes   331 

Rose,  William  C„  Dimmitt,  Frank  W.,  and-  Cheatham,  Paul  N. 
Experimental  studies  on  creatine  and  creatinine.  VI.  Pro- 
tein feeding  and  creatine  elimination  in  fasting  man 339 

Rose,  William  C,  and  Dimmitt,  Frank  W.  Experimental  studies  on 
creatine  and  creatinine.  VII.  The  fate  of  creatine  and  creati- 
nine when  administered  to  man 345 

Levenb,  P.  A.,  and  -Meyer,  G.  M.  The  relation  between  the  configu- 
ration and  rotation  of  epimeric  monocarboxylic  sugar  acids.     II.  335 

Levene,  P.  A.     The  optical  rotation  of  epimeric  a-hexosaminic  acids .   367 

Lbvenb,  P.  A.,  and  L6pez-KuArez,  J.    The  conjugated  sulfuric  acid  of 

funis  mucin  (mucoitin  sulfuric  acid).     II 373 

Denis,  W.    Creatine  in  human  muscle '. 379 

Anderson,  R.  J.     Concerning  certain  aromatic  constituents  of  urine. 

I.  The  non-phenolic  volatile  oils  of  cow  urine 387 

Anderson,  R.  J.     Concerning  certain  aromatic  constituents  of  urine. 

II.  The  non-phenolic  volatile  oils  of  goat  urine 401 

Anderson,  R.  J.    Concerning  certain  aromatic  constituents  of  urine. 

III.  The  non-phenolic  volatile  oils  of  horse  and  human  urine. .  409 

Bloor,  W.  R.    The  lipoids  ("fat")  of  the  blood  in  diabetes 417 

Williams,  Robert  R.,  and  Seidell,  Athertgn.     The  chemical  nature 

of   the    "vitamincs."     II.     Isomerism   in    natural    antineuritic 

substances.    Plate  2 .431 

Hart,  E.  B.,  and  Humphrey,  G.  C.    Further  studies  of  the  relation  of 

the  quality  of  proteins  to  milk  production. 457 

Folin,  Otto,  and  Denis,  W.     Nitrogen  determinations  by  direct  Ness- 

lerization.     I.     Total  nitrogen  in  urine 473 

Folin,  Otto,  and  Denis,  W.     Nitrogen  determinations  by  direct  Nesa- 

lerizatiou.    II.    Non-protein  nitrogen  in  blood. 491 

Folin,    Otto,    and    Denis,    W.     Nitrogen   determinations   by   direct 

Nessleriaation.     III.     Ammonia  in  urine 497 

Folin,  Otto,  and  Denis,  W.     Nitrogendcterminationsbydircct  Ness- 

leriiation.     IV.     I'rea  in  urine 301 

Folin,  Otto,  and  Denis,  W.    Nitrogen  determinations  by  direct  Neas- 

lerizalion.    V.    Urea  in  blood 505 

Folin,  Otto,   and  Denis,  W.     The  relative  excretion  of  phenols  by 

the  kidneys  and  by  the  intestine 507 

Haas.  A.  R.     The  effect  of  the  addition  of  alkali  to  sea  water  upon 

the  hydrogen  ion  concentration 515 


Contents  v 

Pettibone,  C.  J.  V.,  and  Kennedy,  Cornelia.    Translocation  of 

seed  protein  reserves  in  the  growing  corn  seedling 519 

McCrudden,  F.  H.,  and  Sargent,  C.  S.  The  influence  of  the  color 
from  the  sodium  picrate  in  the  determination  of  creatinine  in 
blood  and  urine 527 

Sure,  Barnett,  and  Tottingham,  W.  E.  The  relation  of  amide  nitro- 
gen to  the  nitrogen  metabolism  of  the  pea  plant 535 

Index  to  Vol.  XXVI 549 


A  QUANTITATIVE  COMPARISON  OF  CASEIN,  LACTAL- 
BUMIN,  AND  EDESTIN  FOR  GROWTH  OR 

MAINTENANCE.* 

Br  THOMAS  B.  OSBORNE  and  LAFAYETTE  B.  MENDEL. 

With  the. Cooperation  of  Edna  L.  Ferry  and  Alfred  J.  Wakrman. 

(From  the  Laboratory  of  the  Connecticut  Agricultural  Experiment  Station 

and  the  Sheffield  Laboratory  of  Physiological  Chemistry 

in  Yale  University ,  New  Haven.) 

(Received  for  publication,  June  3,  1916.) 

Our  earliest  attempts1  to  make  quantitative  comparisons  of  the 
nutritive  values  of  different  proteins  for  either  growth  or  mainte- 
nance were  subject  to  the  criticism  that  the  food  intake  was  not 
sufficiently  controlled  to  justify  positive  conclusions  unless  the 
nutritive  differences  between  the  proteins  under  investigation 
were  very  pronounced.  The  data  furnished  by  the  former  trials 
in  which  the  size  of  the  animal  and  the  food  intakes  were  fairly 
comparable  indicated,  however,  that  not  only  were  these  pro- 
teins unlike  in  their  efficiency  when  used  in  the  same  proportion 
as  supplements  to  an  inadequate  protein  like  zein,2  but  the  rate 
of  growth  on  foods  containing  the  same  percentages  of  these  pro- 
teins was  quite  unlike.  As  food  was  offered  ad  libitum  to  the 
animals  it  rarely  happened  that  the  total  calorie  intake,  the 
absolute  amount  of  protein  eaten,  the  quantities  of  inorganic 
salts,  or  amount  of  "food  accessories,' '  were  strictly  comparable. 

We  have  endeavored  therefore  to  plan  our  latest  experiments 
so  as  to  meet  all  criticisms  of  this  sort.  When  animals  grow 
they  require  more  nutriment,  owing  to  the  increased  amount  of 
tissue  formed.  Obviously  the  efficiency  of  a  diet  for  an  animal 
which  grows  cannot  be  compared  quantitatively  with  that  of  a 
diet  upon  which  an  animal  makes  little,  if  any,  growth.     The 

*  The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Wash- 
ington, D.  C. 

1  Osborne,  T.  B.,  and  Mendel,  L.  B.,  J.  Biol.  Chem.,  1915,  xx,  351;  1915, 
xxii,  241. 

•Osborne  and  Mendel,  J.  Biol.  Chem.,  1914,  xvii,  325. 
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question  may  fairly  be  asked :  Does  the  one  animal  grow  because 
it  eats  more  or  the  other  fail  to  grow  because  it  eats  less?  Defi- 
nite conclusions  can  only  be  drawn  from  experiments  where, 
during  the  same  period  of  time,  substantially  the  same  amount 
of  food  was  eaten  by  animals  of  corresponding  size.  Such  condi- 
tions can  be  established  only  by  feeding  weighed  quantities  of 
food  in  amounts  so  chosen  that  the  animal  will  consume  all  that 
is  offered  each  day. 

In  order  to  learn  the  minimal  amount  of  food  needed  for  a 
normal  rate  of  growth  several  young  rats  were  fed  on  weighed 
quantities  of  a  ration  of  the  isolated  food  materials  which,  in 
our  earliest  experiments,  we  had  fed  ad  libitum.  By  increasing 
or  decreasing,  from  day  to  day,  the  quantity  of  food  offered, 
according  as  the  weight  of  the  animal  fell  below  or  above  the 
normal,  the  growth  was  so  controlled  as  to  keep  all  of  the  ani- 
mals growing  at  very  nearly  the  same  rate.  Little  difficulty  was 
encountered  in  inducing  the  animals  to  eat  all  of  the  food  offered, 
since  the  amount  supplied  was  Somewhat  below  that  ordinarily 
consumed  by  them  when  fed  ad  libitum.     On  the  following  diet: 

per  cent 

Lactalbumin 18 

"Protein-free  milk" 28 

Starch 28 

Butter  fat 18 

Lard 8 

the  weekly  intake  in  the  case  of  the  two  males,  started  at  essen- 
tially the  same  age  and  size,  thus  limited  daily  in  quantity,  was 
as  follows: 

Normal  Growth,  Limited  Daily  Feeding. 


Week  of 

Rat  2586. 

Hat  2593. 

Average  food 

limited 
feeding. 

Food  intake 
per  week. 

Gain  in  body 
weight. 

Food  intake 
per  week. 

Gain  in  body 
weight. 

intake  per 
week. 

gm. 

gm. 

gm. 

gm. 

gm. 

1 

22.9 

8 

25.5 

9 

24.2 

2 

39.0 

20 

40.0 

20 

39.5 

3 

39.5 

15 

44.5 

12 

42.0 

4 

48.0 

17 

45.0 

16 

46.5 

49.5 

9 

51.0 

15 

50.3 

Total 

198.9 

69 

206.0 

72 

202.5 
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Inasmuch  as  excess  of  protein  fed  does  not  increase  the  rate  of 
growth  beyond  the  normal  limits  "  constitutionally  fixed"  for  the 
individual  it  seemed  desirable,  in  instituting  any  careful  com- 
parison of  the  physiological  value  of  different  proteins,  to  avoid, 
if  possible,  feeding  even  the  slightest  excess  above  the  minimum 
actually  required  for  so  called  normal  growth.  It  was  therefore 
planned  to  imitate  the  preliminary  experiments  just  referred  to — 
which  were  carried  out  with  a  protein,  lactalbumin,  that  had 
already  given  some  justification  for  the  belief  in  its  superior 
nutrient  value — by  trials  with  limited  daily  food  intakes  pre- 
cisely alike  in  energy  content,  inorganic  and  accessory  food 
ingredients,  etc.,  for  each  day,  in  Series  A. 

Series  A. — This  series  was  to  be  varied  in  respect  to  the  pro- 
tein added.  The  food  intake  was  uniformly  about  10  per  cent 
lower  than  that  in  the  preliminary  series,  so  that  in  any  event 
there  would  be  no  unnecessary  surplus  of  food  ingested.  The  rats 
— all  males — were  of  approximately  the  same  body  weight  (45  to 
50  gm.)  at  the  beginning  of  the  experiment.  With  conditions  thus 
favorably  selected,  so  that  the  diet  would  barely  suffice  for  growth 
at  a  normal  rate  when  the  protein  employed  was  as  efficient  as 
the  lactalbumin  which  had  served  as  the  guide  for  the  quantities 
needed,  further  trials  were  begun  with  edestin  and  with  casein, 
alone  or  with  the  addition  of  the  amino-acids  cystine  or  alanine. 
The  period  of  comparison  in  this  series  lasted  77  days.  The  ani- 
mals, almost  without  exception,  consumed  all  of  the  food  offered 
to  them  daily,  so  that  the  total  intake  for  the  entire  period  in  each 
of  the  large  number  of  experiments  undertaken  scarcely  varied 
more  than  2  or  3  gm.  Whenever  an  animal  showed  any  abnor- 
mality, such  as  a  continued  failure  to  eat,  it  was  discarded;  and 
accordingly  no  data  from  such  aberrant  individuals  are  included 
in  the  statistical  averages  which  are  tabulated  in  Table  I.  This 
shows  the  initial  weights  of  the  rats,  the  food  intakes  in  the  suc- 
cessive weeks  of  the  entire  period,  and  the  total  gains  made  in 
body  weight  up  to  the  end  of  each  successive  week.  In  view  of 
the  fairly  comparable  character  of  the  results  obtained  with  dif- 
ferent individuals  in  the  same  series  of  the  trials,  it  has  seemed  jus- 
tifiable  to  compare  weekly  averages  for  each  group.  These  are 
summarized  in  Table  II.  The  composition  of  the  foods  was  as 
follows : 
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i 

per  cent 

Protein 8.0-20.45 

"Protein-free  milk" 28 

Sucrose  / 

Butter  fat 18 

Lard 7-12 

When  amino-acids  were  fed  with  casein  they  represented  an  addi- 
tion equivalent  to  3  per  cent  of  the  added  protein. 

An  inspection  of  these  statistics  will  show  that  in  animals  of  the 
same  sex,  with  the  same  initial  body  weight,  and  the  same  total 
food  intake  furnished  daily  in  precisely  equivalent  and  increasing 
amounts  in  successive  periods  of  the  experiment,  in  accord  with 
the  anticipated  needs  of  increasing  body  weight,  the  lactalbumin 
foods  in  every  case  produced  the  largest  gains.  For  example,  the 
average  total  gain  in  11  weeks  upon  the  diet  containing  14.8  per 
cent  of  lactalbumin  was  122  gm.,  in  contrast  with  the  gain  of  105 
gm.  and  95  gm.  on  similar  diets  of  16.2  per  cent  of  casein  and  16.7 
per  cent  of  edestin  respectively.  Even  with  larger  percentages 
of  these  proteins  (casein  19.8  per  cent  and  edestin  20.5  per  cent) 
the  total  gains  are  below  that  obtained  on  a  smaller  daily  intake 
of  protein  in  the  form  of  lactalbumin.  The  highest  concentrations 
of  other  proteins  here  recorded  likewise  have  failed  to  exceed  to 
any  significant  extent  the  average  total  gain  with  lactalbumin 
foods  containing  only  9.9  per  cent  of  this  protein. 

In  view  of  the  fact  that  the  food  intakes  were  strictly  compara- 
ble in  these  experiments,  and  that  the  trials  were  extended  over 
a  very  long  period  during  which  temporary  remissions  or  accelera- 
tions of  growth  might  easily  correct  themselves,  the  superior  effi- 
ciency of  lactalbumin  in  the  nutrition  of  growth  is  demonstrated 
beyond  question.  Incidentally  it  should  be  noted  that  inasmuch 
as  the  animals  were  all  receiving  the  same  absolute  amounts  of 
food  on  the  corresponding  day  of  each  period,  the  rapidly  growing 
animals  were  actually  put  at  a  disadvantage  in  having  a  smaller 
allowance  of  food  per  unit  of m body  weight  as  the  result  of  the 
superior  growth-promoting  qualities  of  the  protein  ingested.    . 

We  have  intimated  elsewhere3  that  the  comparative  inferiority 
of  casein  foods  in  producing  growth  when  smaller  amounts,  e.g., 

1  Osborne  and  Mendel,  J.  Biol.  Chem.t  1915,  xx,  351. 
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9  per  cent,  of  the  protein  are  furnished  in  the  ration,  can  be  cor- 
rected by  the  addition  of  the  essential  amino-acid  cystine  which 
this  protein  yields  in  relatively  small  amounts  as  compared  with 
most  other  proteins.  Our  newer  experiments  in  which  the  casein 
was  supplemented  by  sufficient  cystine  to  make  the  total  avail- 
able quantity  of  this  amino-acid  equivalent  to  that  furnished  by 
many  other  proteins,  likewise  show  that  the  problem  of  the  com- 
parative nutritive  value  of  smaller  quantities  of  casein  is  largely, 
if  not  entirely,  concerned  with  this  factor;  thus,  whereas  with  a 
diet  containing  8  per  cent  of  casein  the  total  gain  during  the  11 
weeks  was  only  71  gm.,  in  contrast  with  77  gm.  gained  on  the 
food  containing  8  per  cent  of  lactalbumin,  the  addition  of  cystine 
to  the  same  amount  of  casein  enabled  the  individuals  to  utilize 
this  protein  for  growth  quite  as  efficiently,  while  the  experiments 
lasted,  as  they  did  the  corresponding  quantity  of  lactalbumin. 
This  is  a  specific  result — not  merely  one  due  to  some  stimulating 
feature  of  amino-acids  in  general;  for  the  addition  of  the  same 
amount  of  alanine  under  precisely  similar  conditions  failed  to 
induce  more  rapid  growth. 

It  seems  unnecessary  to  reproduce  here  all  the  numerous 
details  of  these  rather  laborious  experiments.  The  results  are 
graphically  presented  in  the  form  of  composite  curves  in  the  ap- 
pendix, Chart  I.  This  shows  in  a  striking  way  the  nutrient  dis- 
advantages of  too  low  concentrations  of  protein  in  the  diet,  al- 
though in  view  of  the  unlike  physiological  value  of  the  different 
proteins  ingested,  a  single  absolute  minimum  intake  value  for  a 
definite  intensity  of  growth  cannot  be  made  to  apply  equally  to 
all  of  them.4 

Our  experiments  show  further  that  exhibition  of  protein  beyond 

4  Obviously  the  unlike  activity  of  the  individual  rats  introduces  a  vari- 
able in  respect  to  energy  requirement  which  is  beyond  immediate  control. 
This  may  account  for  the  failure  of  many  of  the  animals  to  make  suitable 
gains  in  weight  during  the  1st  week  of  the  feeding  trials.  It  may  be  that  this 
was  occasioned  by  exceptional  activity,  leading  to  unusual  transformation 
of  energy,  as  an  expression  of  restlessness  due  to  the  conditions  of  limited 
feeding  to  which  the  animals  had  not  yet  become  accustomed.  According 
to  the  experience  which  we  have  presented  elsewhere  (Am.  J.  Physiol., 
1916,  xl,  16)  it  may  perhaps  be  assumed  that  the  acceleration  of  growth 
following  these  temporary  retardations  would  ultimately  equalize  the 
temporary  failures  to  grow. 
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a  certain  concentration,  which  we  have  found  to  be  approximately 
12.5  per  cent  of  the  total  calories,  fails  to  increase  the  gains  in 
body  weight.  The  rats  which  received  19.8  and  20.5  per  cent  of 
casein  and  edestin  respectively  in  their  diet  have  not  surpassed 
in  growth  those  receiving  food  with  only  16.2  and  16.7  per  cent 
of  the  same  proteins. 

Series  B. — In  the  series  of  experiments  described  in  the  preced- 
ing section  the  food  intake  of  each  animal  was  increased  to  pre- 
cisely the  same  degree  at  the  same  successive  interval,  independ- 
ent of  whether  the  gains  of  weight  in  the  different  subjects  were 
alike  or  not.  The  criticism  might,  therefore,  properly  be  made 
that  in  view  of  the  unlike  rate  of  growth  upon  the  same  absolute 
intake  of  the  different  foods  the  larger  animals  were  put  at  a 
nutrient  disadvantage  from  the  quantitative  standpoint.  Ac- 
cordingly the  actual  quantitative  differences  between  the  physio- 
logical values  of  the  different  proteins  would  fail  to  be  revealed  to 
their  fullest  extent.  The  only  strict  basis  for  comparison  is  af- 
forded by  experiments  in  which  the  animals  receive  the  same 
amount  of  food  during  the  same  period  of  time  and  make  the  same 
gain  in  weight. 

Guided  by  our  past  experience  we  endeavored  so  to  plan  our 
experiments  that  these  conditions  would  be  fulfilled.  The  total 
food  intake  was  increased  systematically  in  harmony  with  the 
growth  of  each  subject.  Male  rats  were  used.  The  weighed 
quantities  of  food  supplied  at  successively  increasing  sizes  (as  indi- 
cated by  body  weights)  were  equivalent  in  calories  to  the  intake 
determined  by  statistics  of  animals  growing  at  a  normal  rate  and 
receiving  ad  libitum  a  ration  of  essentially  the  same  composition 
and  energy  value  as  those  recorded  in  the  present  study.8 

In  order  to  eliminate,  as  far  as  possible,  inequalities  in  the  rate 
of  growth  of  different  individuals  and  also  to  be  certain  that  no 
protein  would  be  "wasted"  by  feeding  more  than  the  individual 
could  actually  utilize  in  the  metabolism  of  growth,  the  concen- 
tration of  protein  in  the  rations  of  the  present  series  was  lowered 
so  that  with  a  sufficient  total  energy  intake,  the  protein  furnished 
was  insufficient  to  permit  average  normal  growth.  Here  again 
lactalbumin  was  taken  as  a  standard  with  which  edestin  and  casein 
(alone  or  with  cystine  or  alanine)  could  be  compared.     As  might 
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be  anticipated,  under  these  conditions  of  nutrition,  identical  in  all 
respects  except  as  regards  the  quantity  of  protein  eaten,  lactalbu- 
min has  proved  itself  to  be  quantitatively  superior  to  both  casein 
and  edestin.  Thus,  to  produce  the  same  gain  in  body  weight  50  per 
cent  more  casein  than  lactalbumin  was  required,  and  of  edestin  nearly 
90  per  cent  more. 

To  demonstrate  that  in  these  experiments  the  protein  was  the 
limiting  factor,  comparison  should  be  made  with  those  experi- 
ments in  which  smaller  quantities  of  casein  or  edestin  were  sup- 
plied (see  Chart  III).  It  is  seen  that  even  when  the  amount  of 
these  proteins  considerably  exceeded  that  of  the  lactalbumin, 
growth  proceeded  at  a  distinctly  slower  rate,  although  at  corre- 
sponding sizes  the  same  quantity  of  food  and  a  relatively  larger 
quantity  of  protein  than  of  the  lactalbumin  was  consumed. 

In  order  to  overcome  inequalities  in  the  rate  of  growth  and  food 
consumption,  we  have  attempted  to  ascertain  for  edestin  and 
casein  how  much  the  protein  content  of  the  ration  in  each  of  these 
respective  cases  needed  to  be  increased  in  order  to  insure  a  rate  of 
growth  precisely  equal  to  that  upon  our  "  standard"  lactalbumin 
food  containing  8  per  cent  of  the  added  protein.  Obviously  when 
animals  make  the  same  gain  of  weight  in  the  same  period  of  time, 
and  receive  equivalent  rations  during  each  successive  gain  in 
weight,  their  growth  will  be  accomplished  through  the  same  ex- 
penditure of  energy  and  with  the  same  intake  of  inorganic  salts 
and  "food  accessories/ y  the  sole  variable  being  the  content  of 
protein.  This  was  accomplished  by  the  use  of  approximately  12 
per  cent  of  casein  and  15  per  cent  of  edestin  respectively.  The 
same  weight  was  gained  as  when  8  per  cent  of  lactalbumin  was 
used  (see  Chart  II).  The  variations  in  the  content  of  protein  in 
a  ration  of  otherwise  constant  energy  value  were  made  possible 
by  substitutions  of  starch  for  protein  and  vice  versa  in  our  stand- 
ard food  mixture,  thus  not  altering  essentially  their  calorific  value. 
The  resulting  make-up  of  the  rations  fed  is  given  below. 
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With  the  lower  concentrations  of  the  other  proteins  used  the  rate 
of  growth  was  in  every  case  noticeably  behind  that  produced  by 
the  standard  lactalbumin  food. 

Chart  II  shows  the  composite  graphs  of  the  curves  of  rats  re- 
ceiving, in  daily  limited  amounts,  a  food  mixture  containing  8 
per  cent  of  lactalbumin,  12  per  cent  of  casein,  or  15  per  cent  of 
edestin  as  its  essential  nitrogenous  component.  The  results  of  the 
experiments  which  they  represent  are  strictly  comparable.  Chart 
III  shows  the  composite  graphs  of  curves  of  rats  similarly  receiv- 
ing a  food  mixture  containing  smaller  proportions  of  casein  or 
edestin  in  comparison  with  8  per  cent  of  lactalbumin.  One  of  the 
curves  shows  the  result  of  furnishing  a  larger  proportion  of  casein 
(13.5  per  cent). 

The  animals  were  weighed  daily  and  were  fed  on  the  special 
diets  when  they  reached  a  size  of  approximately  80  gm.  During 
the  first  3  days  5.7  gm.  of  food  per  day  were  given;  they  then  re- 
ceived 5.8  gm.  per  day  until  a  body  weightof  95  gm.  was  attained. 
Thereupon  the  daily  limited  intake  of  food  was  increased  after 
each  5  gm.  of  gain  in  weight  according  to  the  following  scheme: 


Body  weight. 

Daily  food  intake. 

Body  weight. 

Daily  food  intake. 
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gm. 

gm. 
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The  detailed  statistics  are  recorded  in  Table  III,  the  weekly- 
averages  being  summarized  in  Table  IV.  These  show  the  intakes 
of  food  and  protein  as  well  as  the  gain  in  body  weight  totalled  to 
the  end  of  each  successive  week.  The  experiments  of  this  series 
lasted  56  days. 

An  inspection  of  Table  IV  shows  that  the  essentially  equal  gains 
made  by  the  rats  receiving  8  per  cent  of  lactalbumin,  12  per  cent 
of  casein,  and  15  per  cent  of  edestin  respectively  were  made  with 
approximately  equal  intakes  of  food,  namely:  lactalbumin  8  per 
cent,  400  gm.;  edestin  15  per  cent,  399  gm.;  casein  12  per  cent, 
410  gm.  The  diet  and  growth  in  these  groups  are  strictly  com- 
parable, yet  the  total  intakes  of  added  protein  to  accomplish  these 
equivalent  gains  in  the  three  cases  average  32.0,  59.9,  and  49.2 
gm.  respectively.  This  is  the  most  conclusive  evidence  which  we 
have  yet  obtained  of  the  unequal  value  of  different  proteins  in 
growth. 

In  this  series,  as  in  Series  A,  the  addition  of  cystine,  equivalent 
to  3  per  cent  of  the  casein  used,  effected  considerable  economy  in 
the  availability  of  this  protein.  Thus  the  average  results  of  three 
8  week  experiments  are  compared  below. 


Protein  in  food. 

Total  gain 
in  weight. 

Food 
intake. 

Protein 
intake. 

Casein  10  per  cent 

gm. 

64 
72 

gm. 

385 

388 

gm. 

38.5 

"         8    "       "    +  cystine 

31.0 

We  thus  see  that  the  addition  of  cystine  rendered  the  casein  so 
much  more  efficient  for  growth  that,  on  the  average,  18  per  cent 
less  protein  produced  12.5  per  cent  more  growth.  This  capacity 
of  cystine  to  supplement  casein  and  thus  increase  its  nutritive 
value  is  specific,  depending  on  the  chemical  constitution  of  the 
amino-acid.  It  has  been  suggested  that  some  amino-acids,  such 
as  alanine,  may  stimulate  metabolism,  thus  promoting  the  food 
intake  of  the  animal.  The  latter  possibility  has  been  prevented 
in  our  experiments  by  the  control  of  the  food  supply.  The  replace- 
ment of  cystine  by  alanine  fails  to  bring  about  any  nutritive  ad- 
vantage.    (See  Tables  III  and  IV,  casein  8  per  cent  +  alanine.) 
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A  comparison  of  the  effect  of  supplements  of  alanine  to  the  8 
per  cent  casein  food  is  shown  in  Chart  III  and  the  tabular 
summaries. 

Comparative  Physiological  Efficiency  of  Different  Proteins  in 

Maintenance  without  Growth. 

When  growth  is  not  involved  the  requirement  of  protein  is 
smaller.  In  consequence,  inequalities  between  the  different  pro- 
teins are  likely  to  manifest  themselves  less  conspicuously  than 
when  continued  increments  of  body  weight  augment  the  demand 
for  nitrogenous  foodstuffs.  As  the  result  of  preliminary  experi- 
ments on  the  protein  minima  for  maintenance,  it  was  stated: 

"Ranges  of  7  to  15  mg.  of  lactalbumin  per  gm.  of  rat  per  week  represent 
minima  lower  than  those  found  for  casein,  edestin,  milk  proteins,  or  glia- 
din,  not  to  mention  the  impossibility  of  maintenance  with  zein.  With  the 
pronounced  individual  variations  in  the  total  food  intake  exhibited  in 
our  experience  it  is  almost  impossible  to  make  precise  comparisons  of  rats 
of  the  same  size  on  precisely  the  same  intake  of  protein.  It  is  an  obvious 
shortcoming  of  this  method  of  procedure  that  the  energy  intake  is  not 
controlled,  so  that  when  it  is  large  there  may  be  a  relatively  greater  pro- 
tein-sparing effect  where  the  non-protein  nutrients  are  ingested  in  undue 
amounts."* 

In  order  to  meet  objections  which  might  arise,  particularly  be- 
cause of  the  unlike  daily  energy  intake  of  the  subjects,  further 
maintenance  experiments  were  undertaken  in  which  the  daily  food 
intake  was  limited  to  a  fixed  quantity,  the  protein  concentration 
being  adjusted  until  no  essential  gain  or  loss  of  body  weight  en- 
sued. The  absolute  intake  of  the  added  protein — either  casein, 
edestin,  or  lactalbumin — was  calculated  per  gm.  of  animal  per 
week  in  order  to  establish  a  protein  minimum  for  maintenance  in 
each  experiment.  Comparisons  have  been  made  in  this  way  at 
different  levels  of  body  weight  so  that  the  factor  of  size  might  be 
taken  into  account.  The  total  energy  intake  was  made  suffi- 
ciently liberal  in  accord  with  our  experience  to  have  permitted 
even  considerable  growth  had  the  supply  of  protein  been  sufficient 
instead  of  minimal.  In  addition  to  the  adequacy  of  the  non- 
protein components  of  the  dietary  it  will  be  observed  that  the  in- 
organic constituents,  as  well  as  the  food  "accessories"  were  fed 

•  Osborne  and  Mendel,  J.  Biol.  Chem.,  1915,  xxii,  253. 
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in  absolutely  the  same  amount  daily.6  The  added  protein  thus 
represented  the  chief  variable  in  the  experiment  aside  from  such 
variations  as  were  inevitably  induced  by  the  changing  body 
weight  of  an  animal  kept  on  a  fixed  daily  intake  of  food.  When- 
ever the  animals  failed  to  eat  satisfactorily,  the  experiment  was 
terminated.  Tables  V  and  VI  therefore  contain  only  the  statis- 
tics from  successful  trials.  The  absolute  food  intake  in  the  case 
of  the  trials  represented  in  Table  VI  being  alike  in  every  experi- 
ment, the  latter  series  are  therefore  uniquely  comparable.  The 
periods  of  observation  were  in  all  cases  sufficiently  long  to  justify 
a  decision  regarding  a  permanent  gain  or  loss  of  body  weight; 
i.e.  t  whether  prolonged  maintenance  on  the  protein  content  under 
consideration  was  possible. 

A  few  curves  are  reproduced  in  Chart  IV  to  illustrate  the  out- 
come of  this  type  of  experiment.  Variations  in  body  weight 
amounting  to  no  more  than  2  or  3  gm.  may  be  regarded  as  equiva- 
lent to  a  condition  of  maintenance.  It  was  a  common  experience 
to  observe  that  when  animals  which  had  been  on  a  diet  liberal  in 
protein  were  fed  with  a  ration  sufficiently  low  in  protein  to  ap- 
proach the  minimum  required  for  maintenance  they  lost  body 
weight  until  a  sort  of  nutritive  equilibrium  was  reached  at  a  some- 
what lower  level.  This  is  exemplified  in  Rats  3243  and  3272 
(Chart  IV). 

Rats  3110,  3272,  and  3096  (Chart  IV)  illustrate  the  low  level  of 
protein  intake  on  which  we  have  succeeded  in  maintaining  such 
animals  under  strictly  comparable  feeding  conditions  with  the 
three  proteins  respectively  mentioned.  Such  observations,  as 
well  as  the  statistics  in  Tables  V  and  VI,  accordingly  support  our 
earlier  conclusions  regarding  the  comparative  superiority  of  lac- 
talbumin  from  the  standpoint  of  protein  minimum  requirement. 

'  The  general  composition  of  the  food  was  as  follows: 

per  cent 

"Protein-free  milk" 28 

Butter  fat 18 

Lard 7-10 

Protein 2.5-5.4 

Starch 39-26 

Sucrose 0-12 

The  small  amount  of  protein  in  the  "protein-free  milk"  has  not  been 
taken  into  account  in  the  calculations.  It  is  essentially  the  same  in  the 
different  trials.    For  a  discussion  of  this  feature  see  a  previous  paper.1 
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TABLE  V. 
Protein  Minima  for  Maintenance  with  Different  Proteins. 


Rat. 


Body 
weight. 


Concentra- 
tion of 
protein  in 
the  food.* 


Total  food 

intake 

per  day. 


Food 

intake  per 

wk.  per  gm, 

of  rat. 


Protein 

intake  per 

wk.  per  gm. 

of  rat.* 


Gain  (+ ) 
or  loas  (— ) 
of  body 
weight  dur- 
ing period. 


Period 

of 
obser- 
vation. 


Lactalbumin. 


gm. 

percent 

gm. 

mg. 

mg. 

gm. 

daya 

2645  c?** 

170 

4.11 

7.4 

302 

12.4 

+  1 

42 

167 

3.3 

7.4 

310 

10.2 

-  5 

42 

173 

4.95 

7.4 

302 

14.9 

4-15 

28 

2646c? 

170 

4.11 

7.4 

299 

12.3 

±  0 

42 

165 

3.3 

7.4 

316 

10.4 

-10 

42  • 

169 

4.95 

7.4 

301 

14.9 

+18 

42 

27726" 

130 

3.3 

7.4 

376 

12.4 

-  1 

35 

Casein. 


27299 

126 

4.5 

6.2 

341 

15.4 

-  1 

42 

127 

5.4 

6.2=* 

338 

18.3 

+  2 

42 

27329 

104 

4.5 

5.2 

348 

15.7 

-  2 

28 

102 

5.4 

5.2 

357 

19.3 

-  1 

42 

102 

5.04 

6.5 

440 

22.2 

+  1 

42 

111 

3.33 

6.5 

412 

13.7 

-  4 

28 

105 

3.06 

6.5 

433 

13.2 

-11 

35 

2733  d" 

137 

4.5 

6.6 

333 

15.0 

-  6 

28 

135 

5.4 

6.6 

340 

18.3 

+  2 

42 

135 

4.5 

8.0 

414 

18.6 

-  3 

42 

151 

3.6 

8.0 

368 

13.2 

-  1 

21 

■ 

150 

3.06 

8.0 

371 

11.3 

-  1 

21 

Edestin. 


16.2 
17.5 
15.3 
13.9 
12.7 
17.7 
15.4 
15.9 
13.3 
12.4 


+ 


+ 


+ 


+ 


3 

42 

0 

63 

28 

3 

28 

2 

28 

6 

42 

4 

63 

3 

28 

1 

28 

5 

35 

*  This  does  not  include  the  small  amount  of  protein   present 
"protein-free   milk."     See   a   previous   paper5   for   a   discussion 
feature. 

**  See  Chart  IV. 
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TABLE  VI. 

Protein  Minima  for  Maintenance  with  Different  Protein*. 


'r,*.m'  weight  du> 


■M. 

J»r«..t 

,:;. 

m. 

■M. 

tm. 

■*. 

31109** 

123 

3 

A 

345 

10  4 

+   4 

28 

129 

2.8 

A 

329 

9.2 

+  7 

77 

131 

2  5 

6( 

321 

8.0 

-  2 

28 

31139 

125 

3 

6 

341 

10.2 

+  1 

28 

126 

2.8 

8 

.  335 

9.4 

*  0 

77 

126 

2.5 

6 

331 

8.3 

-  2 

28 

31159" 

130 

3 

fl 

328 

9.8 

+  2 

28 

129 

2,8 

6 

328 

9.2 

-  4 

28 

131 

3 

6± 

318 

9  5 

+  0 

49 

31049 

111 

4 

6 

387 

15.5 

-  6 

35 

31099 

109 

4 

fl 

387 

15.5 

-  2 

28 

32439" 

119 

4 

6 

373 

14.9 

*  0 

77 

32729" 

111 

i 

A 

381 

15.2 

—  1 

56 

111 

3  5 

6 

383 

13  4 

—  2 

35 

33139 

110 

4.85 

6 

386 

18.7 

+  7 

42 

30899 

110 

4 

fl* 

377 

15.1 

_  2 

28 

30969" 

117 

4 

fl 

361 

14.5 

—  l 

21 

117 

3.5 

« 

361 

13.6 

+  1 

84 

112 

3.2 

6 

373 

11  9 

-13 

35 

S0979 

112 

4 

6-= 

368 

14.7 

*  0 

21 

111 

3.5 

6* 

378 

13.3 

-  1 

84 

107 

3.2 

A 

386 

12.4 

-  8 

35 

31979 

104 

4 

fl 

400 

16.0 

+  1 

70 

101 

3.5 

fl 

413 

14.5 

-  6 

28 

2753  9 

111 

3.72 

« 

386 

14.4 

-  1 

105 

107 

3.26 

6 

397 

13.0 

-  0 

49 

103 

3.72 

6 

409 

15.2 

+  2 

21 

103 

3.07 

6 

408 

12.5 

"  2 

28 

*  Thia  does  not  include  the  small  amount  of  protein  present    in  the 
"protein-free  milk."    Sec  a  previous  paper*  for  a    discussion  of    this 
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We  have  frequently  noted  that  when  the  protein  concentration 
of  the  food  becomes  very  low  the  animals  do  not  eat  satisfactorily, 
and  frequently  fail  to  respond  to  moderate  increments  of  protein 
intake  which  ought  promptly  to  induce  renewed  growth.  Our 
observations  on  this  apparent  physiological  damage,  possibly 
attributable  to  prolonged  nutrition  on  rations  of  inadequate 
protein  content,  need  to  be  extended  and  confirmed  before  any 
generalizations  are  permissible. 
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Chart  II.  Showing  that  comparable  gains  in  weight  were  obtained 
by  unlike  intake  of  three  different  proteins,  the  total  food  intake  being 
the  flume  during  the  some  length  of  time — 56  days.  The  graphs  represent 
the  composite  results  summarized  in  Table  IV. 
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Chaut  III.     Composite  graphs  of  gains  in  weight  under  the  comparable 
conditions  of  feeding  summarized  in  Table  IV. 


T.  B.  Osborne  and  L.  B.  Mendel 


23 


HXH 


Chart  IV.  Illustrating  changes  of  body  weight  involving  successful  or  unsuccessful 
maintenance  or  increment  of  body  weight  on  various  absolute  intakes  of  three  different 
proteins.  The  nature  and  percentage  of  the  protein  added  to  the  diet,  together  with 
the  total  food  intake  (above  the  line)  and  the  protein  intake  (below  the  line)  expressed 
in  mg.  per  week  per  gm.  of  rat,  are  indicated  on  the  curves. 


THE  EFFECT  OF  SURGICAL  PROCEDURES  ON   BLOOD 

SUGAR  AND  RENAL  PERMEABILITY. 

By  ALBERT  A.  EPSTEIN,*  JOSEPH  REISS,  and  JACOB  BRANOWER. 

(From  the  Laboratory  of  Physiological  Chemistry  of  the  Pathological 
Department  of  Mount  Sinai  Hospital,  New  York.) 

(Received  for  publication,  June  10,  1916.) 

By  a  study  of  the  effect  of  surgical  procedures  on  the  blood 
sugar,  Epstein  and  Aschner1  have  found  that  the  blood  sugar 
content  after  operations  is  invariably  increased.  The  degree  of 
elevation  appears  to  be  dependent  principally  upon  the  character 
and  the  duration  of  the  anesthesia.  From  the  extraordinary 
height  to  which  the  blood  sugar  rises  after  operation  one  would 
expect  the  presence  of  sugar  in  the  post-operative  urine  to  be  of 
very  frequent  occurrence.  However,  glycosuria  after  operation 
occurs  only  occasionally,  one  case  in  fifty  showing  traces  of  sugar 
in  the  urine.1 

These  facts  have  led  the  above  authors  to  conclude  that  the 
failure  of  sugar  to  appear  in  the  urine  might  be  ascribed  to  one 
or  both  of  two  causes:  (1)  that  the  hyperglycemia  might  be  only 
"relative"^similar  to  that  occurring  after  hemorrhage,2  and  (2) 
even  if  the  observed  hyperglycemia  represented  an  actual  increase 
in  the  amount  of  sugar  in  the  blood,  a  glycosuria  might  not  de- 
velop, because  the  kidneys  might  be  rendered  impermeable  to 
sugar  through  the  action  of  the  anesthetic  upon  them. 

The  present  study  is  supplementary  to  the  one  mentioned  above. 
Its  object  is  to  ascertain  to  what  extent  renal  function  becomes 
affected  by  the  operative  procedures  (anesthesia,  etc.).  In  a 
recent  paper  by  Epstein  and  Baehr3  experiments  are  recorded 
which  show  that  in  the  diabetes  following  pancreatectomy,  im- 

*  Work  done  under  the  tenure  of  the  Moses  Heinemann  Fellowship  in 
Pathology. 

1  Epstein,  A.  A.,  and  Aschner,  P.  W.,  J.  Biol.  Chem.,  1916,  xxv,  151. 

*  Epstein,  A.  A.,  and  Baehr,  G.,  J.  Biol.  Chem.,  1914,  xviii,  21. 

*  Epstein  and  Baehr,  J.  Biol.  Chem.,  1916,  xxiv,  1. 
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pairment  of  renal  function  leads  to  reduction  or  disappearance  of 
the  sugar  in  the  urine  with  a  consequent  accumulation  of  sugar 
in  the  blood.  This  is  in  keeping  with  the  observations  on  human 
beings  recorded  by  Von  Noorden,4  Lupine,5  and  more  recently  by 
Epstein  and  Felsen.6 

So  that  if  the  effect  of  the  anesthesia  and  the  other  surgical  pro- 
cedures upon  the  kidneys  is  such  that  their  function  becomes  im- 
paired, it  is  more  than  likely  that  the  failure  of  sugar  to  appear 
in  the  urine  may  be  ascribed,  at  least  in  part,  to  a  lessened  renal 
permeability. 

Method  of  Procedure. 

The  function  of  the  kidneys  was  tested  by  means  of  phenol- 
sulfonephthalein. 

The  cases  selected  for  the  study  were  those  of  simple  surgical 
conditions  in  which  no  evidence  of  renal  disease  could  be  found. 
24  hours  prior  to  the  operation  the  patients  received  6  mg.  of 
phenolsulfonephthalein  intramuscularly,  and  the  time  of  appear- 
ance, together  with  the  amount  of  the  dye  excreted  in  1  and  2 
hours,  was  determined.  On  the  day  of  the  operation  the  blood 
sugar  was  determined  directly  before  the  anesthesia,  and  again 
after  the  operation.  Another  dose  of  phenolsulfonephthalein  was 
also  injected,  and  its  elimination  in  the  urine  observed.  The 
blood  sugar  was  estimated  by  means  of  the  microchemical  method 
of  one  of  the  authors.7  The  phenolsulfonephthalein  excretion 
was  determined  in  the  Hellige  apparatus. 

One  of  the  effects  of  the  surgical  procedures  common  to  all  the 
cases  studied  was  a  marked  diminution  in  the  amount  of  urine 
secreted.  This  is  undoubtedly  due  in  part  to  the  withholding  of 
food  from  the  patient  prior  to  the  operation,  and  to  the  loss  of 
fluid  from  the  body  by  sweating  during  the  operation.  Post- 
operative vomiting  may  also  contribute  to  the  loss  of  fluid. 

The  results  obtained  in  the  estimation  of  the  blood  sugar  are  in 
confirmation  of  those  found  in  the  work  mentioned  above.1     A 

4  Von  Noorden,  C,  Iiandb.  Pathologic  des  Stoffwechsels,  Berlin  >  2nd 
edition,  1900,  ii,  3. 

6  Lepine,  K.,  Rev.  m£d.t  1897,  xvii,  832. 
8  Epstein  and  Felsen,  to  be  published. 

7  Epstein,  A.  A.,  J.  Am.  Med.  Asw.,  1914,  Iviii.  1067 
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comparison  of  the  results  obtained  with  phenolsulfonephthalein 
before  and  after  operation  shows  a  uniform  delay  in  the  time  of 
appearance  of  the  dye  and  a  decrease  in  the  amount  excreted. 
The  reduction  in  the  phenolsulfonephthalein  elimination  is  very 
striking  in  some  of  the  cases  (see  table  and  Fig.  1).  The  de- 
crease in  the  amount  of  phenolsulfonephthalein  eliminated  after 
operation  as  compared  with  that  prior  to  operation  ranges  from 
12  to  73  per  cent,  the  average  being  about  25  per  cent. 

SUMMARY. 

Operative  procedures  under  anesthesia  cause  an  increase  in  the 
blood  sugar  content  (hyperglycemia),  associated  with  a  reduction 
or  impairment  of  renal  function.  From  this  it  is  concluded  that 
diminished  permeability  of  the  kidneys  is  responsible  for  the 
infrequent  elimination  of  sugar  in  the  urine  after  operations. 


A  COMPARATIVE  STUDY  OF  THE  BEHAVIOR  OF 
PURIFIED  PROTEINS  TOWARDS  PROTEOLYTIC 

ENZYMES.* 

By  EDWARD  M.  FRANKEL. 

(From  the  Sheffield  Laboratory  of  Physiological  Chemistry,  Yale  University, 

New  Have?i.) 

(Received  for  publication,  June  19,  1916.) 

The  present  day  students  of  protein  metabolism  are  practically 
in  agreement  in  the  view  that  a  protein  must  be  disintegrated 
into  its  component  amino-acids  before  it  can  be  utilized  by  the 
animal  body.1  From  this  standpoint  the  importance  of  the  di- 
gestive process  becomes  paramount  and  its  study  with  the  newer 
methods  correspondingly  necessary.  In  fact,  the  problem  of  pro- 
tein utilization  becomes  in  essence  a  problem  of  the  digestibility 
of  this  foodstuff  by  the  ferments  of  the  gastro-intestinal  canal. 

For  the  further  elucidation  of  the  phenomena  of  digestion  two 
methods  of  research  are  at  present  available.  One,  the  investi- 
gation of  the  effect  of  proteoclastic  enzyme  preparations  under 
suitable  condition  in  vitro;  the  other,  the  study  of  the  decomposi- 
tion of  the  protein  at  various  stages  in  its  passage  through  the 
alimentary  canal,  by  the  fistula  methods  of  London  and  his  co- 
workers (1910).  The  main  advantage  of  the  latter  method  lies  in 
the  fact  that  the  conditions  of  the  experiment  simulate  the  nat- 
ural state  of  affairs  most  closely.  Yet  the  in  vitro  method  admits 
of  a  better  standardization  and  control  of  the  conditions  and  is 
therefore  to  be  preferred  in  a  comparative  study. 

A  large  number  of  studies  of  digestion  in  vitro  have  been  carried  out  by 
investigators  in  the  past,  but  for  the  most  part  the  methods  employed  were 
inadequate  for  the  solution  of  the  problems  of  modern  protein  physiology.1 

*  The  data  in  this  paper  are  taken  from  the  dissertation  presented  by 
the  author  for  the  degree  of  Doctor  of  Philosophy,  Yale  University,  1916. 

1  Underhill,  F.  P.,  The  Physiology  of  the  Amino  Acids,  1915. 

2  The  earlier  literature  has  been  summed  up  by  R.  H.  Chittenden  in  his 
book,  On  Digestive  Proteolysis,  New  Haven,  1895. 
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The  first  workers  concerned  themselves  with  the  changes  in  the  solubility 
of  the  proteins  as  a  result  of  the  enzymatic  action.  Later  investigators, 
following  Kuhnc,  became  interested  in  the  formation  of  proteoses  and 
peptones.  A  variety  of  reagents  were  introduced  for  the  purpose  of  ef- 
fecting separations  of  the  various  groups,  notably  tannic  acid,  phospho- 
tungstic  acid,  ammonium  sulfate,  and  zinc  sulfate  (Zunz,  1899).  Taylor 
(1907)  in  reviewing  these  methods  has  pointed  out  their  shortcomings. 

Physicochemical  Methods. — With  the  advent  of  the  physicochemical 
method  of  approach  new  modes  of  studying  proteolysis  were  introduced. 
Among  these  were  the  conductivity  method  of  Sjoquist  (1895)  which  was 
later  developed  by  Oker-Blom  (1902)  and  Bayliss  (1904,  1907).  The  cryo- 
scopic  depression  was  also  used  by  Oker-Blom  (1902).  Changes  in  the 
hydroxyl  ion  concentrations  of  digestion  mixtures  have  been  used  to 
measure  proteolysis,  both  the  gas  chain  and  colorimetric  procedures  being 
employed.  A  recent  development  along  these  lines  is  the  work  of  Chris- 
tiansen (1912)  who  pointed  out  that  the  diminution  of  free  acidity  to 
Gunzurg'e  reagent  was  an  accurate  measure  of  the  extent  of  pepsin- 
hydrochloric  acid  digestion. 

Optical  Methods. — Schutz  (1885)  showed  that  changes  occurred  in  the 
optical  activity  of  digestion  mixtures  when  proteolysis  took  place.  Fol- 
lowing him  a  number  of  investigators,  notably  Fischer  and  Abderhalden 
and  their  coworkers,  have  employed  the  polarimetric  method  The  most 
recent  application  of  this  is  the  work  of  Abderhalden  on  the  detection  of 
proteolytic  ferments  in  the  blood.  Other  optical  procedures  have  been 
used.  Robertson  (1912)  attempted  the  use  of  the  refractometer,  but  with- 
out success.  Hirsch  (1914)  showed  that  the  interferometer  could  replace 
the  polariscope.  Recently  Kober  and  Haw  (1916)  have  brought  the  use 
of  the  spectrophotometer  into  prominence  in  this  connection. 

Colorimetric  Methods. — The  intensity  of  the  biuret  reaction  was  first 
suggested  by  Liebermann  as  a  means  of  measuring  the  extent  of  proteoly- 
sis. Vernon  (1903)  seems  to  have  been  the  first  to  develop  this  procedure 
successfully  as  a  quantitative  method.  The  most  modern  aspect  of  this 
method  is  the  work  of  Kober  and  Haw  (1916)  who  claim  that  by  the  study  of 
the  extinction  coefficients  at  various  wave  lengths  they  can  measure  spec- 
trophotometrically  the  quantities  of  the  amino-acids,  di-,  tri-,  and  tetra- 
peptides  present  in  a  given  mixture. 

Triketohydrindin  hydrate  (ninhydrin),  first  brought  into  prominence  by 
the  work  of  Abderhalden  (1913),  has  since  been  applied  for  the  colorimetric 
estimation  of  a-amino-acids  (Herzfeld,  1914).  Harding  and  MacLean 
(1915,  1916)  improved  upon  Herzfeld's  original  method  and  have  made  it 
more  generally  available  for  the  study  of  proteolysis. 

A  number  of  purely  chemical  procedures  for  following  the  digestion  of 
proteins  have  been  proposed.  These  are  of  two  types,  and  since  only  those 
which  actually  deal  with  the  estimation  of  amino  groups  meet  the  require- 
ments of  modern  studies  of  proteolysis,  the  others,  such  as  the  carbamino 
quotient  of  Siegfried  and  Neumann  (1908)  and  the  bromine  absorption 
methods  of  Brown  and  Millar  (1906),  Auld  and  Mosscrop  (1913),  and  Sieg- 
fried and  Reppin  (1915),  may  be  dismissed  without  further  comment. 
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If  we  accept  the  concept  of  the  structure  of  the  protein  molecule  as  laid 
down  by  Hofmeister  and  Fischer  it  follows  that  the  best  index  of  the  ex- 
tent to  which  a  protein  has  been  disintegrated  is  the  ratio  of  the  amino 
nitrogen  at  a  given  time  to  the  total  amino  nitrogen  obtained  after  com- 
plete hydrolysis.  This  ratio  will  be  applicable  to  all  proteins  and  is  there- 
fore well  adapted  for  comparative  work. 

There  are  at  present  four  methods  by  which  the  amino  nitrogen  of  pro- 
teins and  their  derivatives  may  be  estimated.  The  first  chronologically  is 
the  "formol"  titration  of  Sorensen  (1908).  This  method  has  had  a  wide 
use ;  and  in  the  study  o '  proteolysis  the  most  notable  application  has  been 
in  the  investigation  of  Henri ques  and  Gjalbaek  (1911)  who  followed  the 
cleavage  of  a  number  of  proteins  acted  upon  by  acid,  alkali,  pepsin,  and 
trypsin.  Their  experiments  were  carried  out  over  long  periods  of  time 
(108  days  in  some  trials),  and  in  the  case  of  the  enzyme  experiments  with  a 
rather  low  ferment  concentration.  The  data  are,  however,  open  to  criti- 
cism for  two  reasons:  their  results  are  calculated  on  the  basis  of  the  total 
nitrogen  of  the  proteins ;  and  second,  no  account  was  taken  of  the  quanti- 
ties of  amino  nitrogen  introduced  with  the  ferments. 

Van  Slyke  (1911,  1912,  1913)  developed  the  nitrous  acid  method  of  esti-, 
mating  amino  nitrogen  so  that  it  is  now  available  for  the  study  of  digestion 
even  where  only  small  amounts  of  material  are  at  hand.  There  has  een 
some  debate  regarding  the  reliability  of  the  method  as  applied  to  the  prod- 
ucts of  proteolysis  (Rice,  1915,  Andersen,  1915).  Abderhalden  defends 
the  accuracy  of  the  method;  and  in  the  experience  of  the  author  the  pro- 
cedure has  given  very  satisfactory  results.  The  nitrous  acLl  method  has 
already  found  application  in  the  proteolysis  studies  of  Van  Slyke  (1911), 
White  and  Crozier  (1911),  White  and  Thomas  (1912),  Abderhalden  and 
Pettibone  (1912),  and  Berg  (1916). 

Attention  should  be  ailed  to  the  method  proposed  by  Kober  and  Sugiura 
(1913).  These  authors  find  that  it  is  possible  to  estimate  amino  nitrogen 
in  protein  derivatives  on  the  basis  of  the  fact  that  the  a-  and  0-amino-acids 
dissolve  a  definite  quantity  of  copper  when  treated  with  freshly  precipi- 
tated c  pper  hydroxide,  and  that  the  estimation  of  the  copper  in  the  com- 
plex formed  is  a  convenient  way  of  estimating  amino  nitrogen.  They  also 
point  out  that  by  an  extension  of  their  method  the  amino  nitrogen  in  free 
amino-acids  and  in  polypeptide  linkage  may  be  differentiated,  since  the 
copper  complexes  of  the  former  are  precipitated  by  barium  hydroxide 
while  those  of  the  latter  are  not.  The  value  of  the  procedure  remains  to 
be  demonstrated. 

The  colorimetric  method  of  Harding  and  MacLean  (1915,  1916)  of  esti- 
mating a-amino  nitrogen  has  been  referred  to  above. 

EXPERIMENTAL   PART. 

From  the  foregoing  review  it  is  apparent  that  for  exact  com- 
parative work  those  procedures  involving  the  estimation  of  amino 
nitrogen  are  most  suitable.     Of  these  it  seemed  advisable  to  use 
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the  micro  method  of  Van  Slyke  (1913)  which  has  the  additional 
advantage  that  it  can  be  applied  to  small  amounts  of  material. 
It  may  be  argued  that  the  methods  of  Kober  and  Sugiura  and  of 
Harding  and  MacLean  are  also  applicable  to  small  quantities; 
but  the  lack  of  experience  with  these  methods  made  it  appear  as 
though  the  Van  Slyke  procedure,  tested  quite  rigorously  by  many 
investigators,  was  on  the  whole  best  suited  to  the  problem  in 
hand.  Since  this  work  was  begun,  Harding  and  MacLean  (1916) 
have  published  a  preliminary  report  of  digestion  studies  in  which 
they  demonstrated  the  applicability  of  their  colorimetric  method 
to  proteolysis  work. 

Materials  Used. — The  proteins  used  in  this  study  were  prepared  at  the 
laboratory  of  the  Connecticut  Agricultural  Experiment  Station.1  The 
pepsin  used  was  a  commercial  scale  preparation  having  considerable  ac- 
tivity. The  author  is  indebted  to  Dr.  I.  F.  Harris  for  the  sample  of  tryp- 
sin used.  The  erepsin  employed  was  prepared  as  directed  by  Rice  (1915) 
from  the  intestinal  mucosa  of  the  pig.  This  procedure  yields  an  active  so- 
lution of  erepsin  provided  care  is  taken  to  scrape  the  mucosa  and  to  place 
the  scrapings  under  an  antiseptic  within  a  few  hours  after  the  animal  has 
been  slaughtered.  It  was  found  that  4  days  autolysis  followed  by  4  days 
of  dialysis,  instead  of  10  days  for  each  process,  called  for  by  Rice,  gave  an 
active  preparation  which  contained  only  very  small  quantities  of  amino 
nitrogen. 

In  gastric  proteolysis  at  least  two  distinct  factors,  the  pepsin 
and  the  hydrochloric  acid,  are  involved.  It  might  be  supposed 
that  the  acid  would  act  upon  protein,  causing  it  to  be  cleaved  into 
simpler  fragments  with  the  liberation  of  free  amino  groups.  Just 
how  much  of  the  digestion  with  pepsin  and  hydrochloric  acid  is 
due  to  the  acid  independently  of  the  pepsin  is  as  yet  unknown. 
With  this  in  mind  two  experiments  were  carried  out  in  which  the 
amounts  of  amino  nitrogen  liberated  by  pepsin  and  hydrochloric 
acid  and  the  same  concentration  of  hydrochloric  acid  alone  un- 
der comparable  conditions  were  determined. 

A.  Two  portions  of  50  cc.  of  diluted  egg-white  containing  about  1  gm.  of 
protein  were  mixed  with  an  equal  volume  of  0.4  per  cent  hydrochloric  acid. 
To  one  portion  20  mg.  of  pepsin  were  added.  Both  solutions  were  incu- 
bated in  stoppered  flasks  at  38-40°C.  and  the  amino  nitrogen  was  esti- 
mated at  intervals. 


1  The  author  desires  to  express  his  thanks  to  Dr.  Thomas  B.  Osborne 
for  his  generosity  in  supplying  these  purified  preparations. 
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Proteolysis  of  Egg-White. 


Hrs. 

Amino  nitrogen. 

Pepsin  +  HC1. 

HCl  alone. 

mg. 

mg. 

0 

5.1 

5.1 

6 

12.2 

29 

16.7 

6.0 

70 

17.0 

• 

92 

20.3 

5.4 

122 

20.8 

B.  Two  portions  of  2  gm.  each  of  edestin  were  treated  with  100  cc.  of 
0.2  per  cent  hydrochloric  acid.  To  one  portion  20  mg.  of  pepsin  were  added. 
Both  solutions  were  incubated  in  stoppered  flasks  at  38-40°C.  and  the 
amino  nitrogen  was  determined  at  definite  intervals. 

Proteolysis  of  Edestin. 


Days. 

Amino  nitrogen. 

Pepein  +  HCl. 

HCl  alone. 

mg. 

mg. 

0.12 

19.4 

5.5 

0.37 

24.5 

1 

28.6 

7.3 

2 

30.1 

10 

47.0 

9.4 

58 

19.0 

The  above  tables  show  distinctly  that  hydrochloric  acid  alone  in 
the  concentrations  used  has  very  little  proteolytic  effect  and  that  the 
cleavage  taking  place  in  peptic  digestion  is  due  primarily  to  the 
catalytic  effect  of  the  pepsin  added. 

Preliminary  experiments  indicated  that  simple  suspension  of 
the  protein  in  the  digestive  fluid  does  not  give  satisfactory  results. 
This  is  undoubtedly  due,  for  the  most  part*  to  the  difference  in 
the  surface  of  the  protein  exposed  to  the  ferment  action.  Further, 
there  was  considerable  difficulty  in  withdrawing  a  sample  that 
could  be  regarded  as  uniform  and  at  the  same  time  leave  the 
concentration  of  the  solution  with  respect  to  protein  unaltered. 
The  following  experiments  were  carried  out  to  determine  the  ex- 
tent of  the  differences  that  result  in  two  parallel  experiments  due 
to  inequalities  in  the  surfaces  exposed. 
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A.  Peptic  Digestion  of  Edestin. — In  this  case  the  protein  went 
into  solution  almost  immediately  in  both  experiments  so  that  the 
maximum  surface  was  exposed  to  digestive  action  in  both  cases. 

Two  portions  of  5  gm.  of  edestin  were  treated  with  250  cc  of  0.2  per 
cent  hydrochloric  acid  containing  100  mg.  of  pepsin  and  incubated  in  stop- 
pered flasks  at  38-40°C.  Samples  of  25  or  30  cc.  were  taken  at  definite 
intervals,  neutralized  with  solid  magnesium  oxide,  and  treated  with  5  cc. 
of  5  per  cent  colloidal  ferric  hydroxide  and  1  cc.  of  50  per  cent  magnesium 
sulfate  solution,  and  then  diluted  to  100  cc.  The  solution  was  filtered  and 
an  aliquot  part,  60  or  70  cc,  evaporated  on  the  water  bath  and  then  washed 
into  the  measuring  burette  of  the  amino  nitrogen  apparatus.  The  results 
are  calculated  for  the  5  gm.  of  protein  used. 

Proteolysis  in  Solutions. 


Hre. 

Amino  nitrogen. 

I. 

II. 

mg. 

mg. 

0 

.      3.9 

Lost. 

4 

34.2 

34.2 

11 

46.0 

47.4 

19* 

53.8 

54.5 

46 

70.3 

70.3 

B.  Two  portions  of  5  gm.  of  edestin  were  treated  with  250  cc.  of  0.4  per 
cent  sodium  bicarbonate  solution  containing  0.5  gm.  of  trypsin.  Thy- 
mol was  added  as  a  preservative.  The  flasks  containing  the  mixtures 
were  stoppered  and  incubated,  being  shaken  gently  from  time  to  time. 
Samples  were  taken  at  definite  intervals  as  in  the  peptic  digestions,  and 
treated  in  the  same  way  except  that  neutralization  with  magnesium  oxide 
was  omitted.  Complete  solution  did  not  take  place  in  the  course  of  the 
experiment. 

Proteolysis  in  Suspension. 


Hre. 

Amino  nitrogen. 

I. 

II. 

mg. 

mg. 

0 

19.9 

19.9 

1 

39.0 

Lost. 

3 

63.0 

65.7 

6 

86.0 

90.5 

11 

124.0 

136.5 

19} 

175.5 

191.0 

46 

268.0 

285.0 

V 
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The  data  in  the  foregoing  tables  indicate  clearly  that  if  accurate 
comparisons  between  proteins  are  to  be  made  the  digestions  must  be 
conducted  on  solutions  of  the  proteins  rather  than  suspensions.  The 
deviations  may  not  always  be  as  great  as  those  obtained  in  Ex- 
periment B  but  it  must  be  borne  in  mind  that  every  precaution 
was  taken  here  to  have  the  digestions  take  place  under  strictly 
parallel  conditions.  Also  with  a  purified  protein  in  finely  divided 
condition  the  chances  for  uniformity  are  much  greater  than  in 
experiments  like  those  of  White  and  his  coworkers  (1911,  1912), 
Abderhalden  and  Pettibone  (1912),  and  Berg  (1916)  where  hashed 
tissues  and  finely  chopped  egg  white  were  used  as  substrates. 

Since  it  was  not  always  possible  to  dissolve  the  proteins  before 
proteolysis  began  it  did  not  seem  feasible,  in  the  light  of  the  above 
results,  to  attempt  any  comparative  experiments  with  trypsin  on 
native  proteins.  Instead,  advantage  was  taken  of  the  fact  that 
under  suitable  conditions  most  proteins  may  be  digested  into  so- 
lution with  pepsin  and  hydrochloric  acid  in  3  to  6  hours  so  that 
the  surface  factor  could  be  eliminated  except  for  the  slight  varia- 
tions that  might  occur  in  the  early  hours  of  peptic  digestion. 
Since  peptic  digestion  does  not  result  in  a  very  rapid  cleavage  of 
the  protein  molecule  the  divergences  in  the  amounts  of  amino 
nitrogen  liberated  in  the  early  hours  of  digestion  before  complete 
solution  takes  place  are  practically  negligible.  The  plan  of  the 
experiments  in  which  a  large  series  of  proteins  were  studied  was  as 
follows:  The  proteins  were  suspended  in  0.2  per  cent  hydrochloric 
acid  containing  pepsin  and  then  placed  in  an  incubator  at  38- 
40°C.  The  flasks  containing  the  suspensions  were  gently  agitated 
from  time  to  time  and  when  complete  solution  had  taken  place 
in  all  the  flasks  the  sampling  was  begun.  After  the  peptic  diges- 
tions had  run  for  several  days  and  the  increases  from  day  to  day 
were  not  very  great,  a  portion  of  the  solution  was  made  alkaline 
with  a  slight  excess  of  sodium  carbonate  and  treated  with  trypsin. 
The  action  of  the  trypsin  was  continued  for  a  week  and  then  a 
solution  of  erepsin  added.  The  amino  nitrogen  was  estimated  at 
intervals. 

This  method,  in  which  all  of  the  reacting  material  is  in  solution, 
gives  the  best  possible  conditions  for  adequate  comparisons  of  the 
digestibility  of  different  proteins.  It  is  believed  that  the  results 
also  give  a  more  accurate  picture  of  the  normal  digestive  process 
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in  vitro  than  does  any  other  type  of  in  vitro  experiment.  The 
analytical  data  are  probably  accurate  to  within  2  or  3  per  cent 
of  the  total  amount  estimated;  so  that  variations  of  a  greater 
magnitude  among  the  different  proteins  may  be  regarded  as  sig- 
nificant since  all  the  data  have  been  calculated  on  a  uniform 
basis. 

Series  A. — 5  gm.  of  each  of  the  proteins  used  were  treated  with  250  cc. 
of  0.2  per  cent  hydrochloric  acid  containing  0.1  gm.  of  pepsin  and  incubated 
in  stoppered  flasks  at  38-40° C.  At  the  end  of  3  hours  complete  solution  of 
the  proteins  had  taken  place  and  sampling  was  begun.  At  definite  inter- 
vals 5  cc.  of  solution  were  withdrawn  and  treated  with  0.5  cc.  of  n  NaOH, 
to  inhibit  further  peptic  digestion,  and  then  analyzed  for  amino  nitrogen 
by  the  micro  method  of  Van  Slyke.  A  control  experiment  was  run  with  all 
the  reagents  and  ferments  in  the  same  quantities  except  that  no  protein 
was  added.  This  was  sampled  and  analyzed  in  the  same  way  as  were  the 
protein  digests,  and  the  amounts  of  amino  nitrogen  found  were  deducted 
from  the  corresponding  figures  obtained  on  the  protein  solutions,  so  that 
the  data  recorded  in  the  following  tables  are  corrected  for  all  extraneous 
matter  that  might  yield  nitrogen  under  the  conditions  of  the  analysis. 
After  96  hours  of  peptic  digestion  a  portion  of  200  cc.  was  withdrawn,  made 
faintly  alkaline  with  10  cc.  of  15  per  cent  sodium  carbonate,  and  treated 
with  25  cc.  of  a  trypsin  solution  equivalent  to  0.4  gm.  of  dry  trypsin.  Tri- 
cresol was  used  as  a  preservative.  The  solutions  were  again  incubated  at 
38-40°C.  Samples  were  withdrawn  at  the  stated  times,  treated  with  one- 
tenth  their  volume  of  glacial  acetic  acid  to  inhibit  further  proteolysis,  and 
then  analyzed  for  amino  nitrogen.  After  a  week  100  cc.  portions  of  the 
tryptic  digest  were  withdrawn  and  treated  with  25  cc.  of  an  erepsin  solu- 
tion and  again  incubated.  Samples  were  taken  and  treated  as  in  the  case 
of  the  tryptic  digest.  The  control  experiment  referred  to  above  was  car- 
ried out  in  the  same  way  for  the  tryptic  and  ereptic  digestions.  The  pep- 
tic, tryptic,  and  ereptic  proteolyses  were  allowed  to  proceed  until  the  ex- 
psriment  was  stopped.  The  results  in  all  cases  were  calculated  for  the  5 
gm.  of  protein  taken  originally.  The  total  amino  nitrogen  of  each  of  the 
proteins  was  determined  by  hydrolyzing  a  definite  amount  of  the  substance 
with  thirty  or  forty  times  its  weight  of  3  n  hydrochloric  acid  after  the 
method  of  Henriques  and  Gjalbaek  (1910)  by  boiling  in  an  autoclave  at 
14O-150°C.  for  2  hours.  The  hydrolysis  solutions  were  then  evaporated  to 
dryness  on  a  water  bath  to  remove  the  excess  of  hydrochloric  acid,  and  the 
residue  was  dissolved  in  a  definite  quantity  of  water  and  analyzed  for 
amino  nitrogen  by  the  Van  Slyke  method.  The  amino  nitrogen  obtained 
on  total  hydrolysis  was  taken  as  the  total  amino  nitrogen  available.  The 
data  recorded  in  the  columns  "Per  cent  of  total  XH2  N"  were  obtained  by 
calculating  the  ratio  of  the  amounts  of  amino  nitrogen  liberated  at  the 
various  stages  of  digestion  to  the  total  available  amino  nitrogen. 

Series  B. — This  was  run  under  conditions  quite  comparable  with  those 
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in  Series  A  except  that  the  samples  for  analysis  were  taken  at  different  in- 
tervals. The  legumelin  used  in  this  series  was  from  vetch.  The  three 
preparations  of  phaseolin  employed  were  made  in  different  ways.  NaCl 
indicates  that  the  globulin  was  prepared  in  the  ordinary  way  by  extraction 
with  salt  solution  and  precipitated  by  dilution.  The  NaOH  preparation 
was  obtained  by  extraction  with  diluted  alkali  and  precipitation  with  acid. 
The  NaCi-NaOH  sample  was  obtained  by  treatment  of  the  NaCl  prepara- 
tion with  alkali  and  acid,  as  in  the  case  of  the  NaOH  material.  These  dif- 
ferent preparations  were  studied  with  a  view  to  explaining  some  of  the 
differences  observed  by  Osborne  and  Mendel4  in  feeding  rats  these  mate- 
rials as  the  sole  protein  of  the  dietary. 


SERIES  A. 

• 

Pepsin. 

Trypein. 

Erepsin. 

Hrs. 

NH»  N. 

Per  cent 
of  total 

NH«  N. 

Hrs. 

NHt  N. 

Per  cent 
of  total 
NHt  N. 

Hrs. 

NH«N. 

Per  cent 
of  total 
NHt  N. 

Casein.    Total  NH,  N  =  9.72  per  cent. 


mg. 

mg. 

mg. 

3 

50 

10 

9 

64 

13 

23 

61 

13 

47 

67 

14 

76 

76 

16 

94 

69 

14 

96 

0 

78 

16 

98 

•   2 

193 

40 

102 

6 

223 

46 

108 

12 

245 

50 

118.5 

22.5 

280 

57 

144 

48 

301 

62 

155 

82 

17 

168 

72 

312 

64 

195 

99 

322 

66 

239 

Sampli 

B8  l08t. 

• 

263 

167 

332 

68 

265 

0 

330 

08 

267 

2 

346 

71 

274 

9 

381 

78 

289 

26 

422 

87 

313 

50 

426 

88 

364 

101 

448 

92 

366 

270 

334 

09 

370 

4  Personal  communication. 
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SERIES  A— Continued. 


Pepsin. 

Trypsin. 

Erepein. 

Hrs. 

NHtN. 

Per  cent 
of  total 
NH«  N. 

Hre. 

NHtN. 

Per  cent 
of  total 
NH«  N. 

Hrs. 

NH,N. 

Per  cent 
of  total 
NHx  N. 

Cotton  seed  globulin.    Total  NH2  N  = 

=  10.6 

per  cent. 

mg. 

mg. 

mg. 

3 

51 

10 

9 

62 

12 

23 

70 

13 

47 

77 

14 

76 

83 

16 

94 

85 

16 

96 

0 

83 

16 

98 

9 

217 

41 

102 

6 

247 

46 

108 

12 

281 

53 

118.5 

22.5 

307 

58 

144 

4 

362 

68 

• 

155 

94 

18 

168 

72 

358 

68 

195 

99 

384 

72 

239 

100 

19 

263 

167 

389 

73 

265 

0 

389 

73 

207 

9 

397 

75 

274 

9 

427 

81 

289 

26 

448 

85 

313 

50 

460 

87 

364 

101 

463 

87 

366 

270 

392 

74 

370 

121 

23 

Ed  est  in 

.     Total  NH2  N  =  11.02  per  cent. 

3 

48 

9 

9 

61 

11 

23 

71 

13 

47 

76 

14 

76 

82 

15 

94 

91 

16 

96 

0 

93 

17 

98 

0 

225 

41 

102 

6 

259 

47 

108 

12 

283 

51 

118. ft 

22.5 

309 

56 

144 

48 

345 

63 

i 
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SERIES  A— -Continued. 


Pepsin 

• 

Trypsin 

Erepsin 

• 

Hra. 

NH«N. 

Per  cent 
of  total 
NHi  N. 

Hra. 

NHi  N. 

Per  cent 
of  total 
NHiN. 

Hrs. 

NHtN. 

Per  cent 
of  total 
NH.N. 

mg. 

mg. 

mg. 

155 

90 

16 

i 

168 

72 

351 

64 

195 

99 

356 

65 

239 

104 

19 

263 

167 

378 

68 

265 

0 

378 

69 

267 

2 

401 

73 

274 

9 

437 

79 

289 

26 

464 

84 

313 

50 

469 

85 

364 

101 

482 

87 

366 

270 

384 

70 

370 

117 

21 

Gelatin 

.    Total  NH2  N  =  10.80  per  cent. 

3 

23 

4 

9 

23 

4 

23 

25 

5 

47 

25 

5 

76 

27 

5 

94 

39 

7 

96 

0 

47 

9 

98 

9 

100 

18 

102 

6 

131 

24 

108 

12 

163 

30 

118.5 

22.5 

191 

35 

144 

48 

223 

41 

155 

41 

8 

168 

72 

252 

47 

195 

99 

265 

49 

239 

43 

8 

263 

167 

299 

55 

265 

0 

285 

53 

267 

304 

56 

274 

9 

342 

63 

289 

26 

392 

72 

313 

50 

394 

73 

364 

101 

442 

82 

36 
370 

51 

9 

270 

310 

57 
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SERIES  A— Continued. 


Hra. 


Pepsin. 


NHtN. 


Per  cent 
of  total 

NHa  N. 


Trypsin. 


Hra. 


NHtN. 


Percent 
of  total 

NHiN. 


Erepsin. 


Hra. 


NHtN. 


Per  cent 
of  total 

NHiN. 


1 

Coagulated  lactalbumin.  Total  NH*  N 

=  11.15  per  cent. 

mg. 

mg. 

mg. 

3 

70 

12.5 

9 

80 

14 

23 

87 

16 

47 

89 

16 

76 

97 

17 

94 

110 

20 

96 

0 

121 

22 

98 

2 

229 

41 

102 

6 

261 

47 

106 

12 

296 

53 

118.5 

22.5 

318 

57 

144 

48 

366 

65 

155 

114 

20 

168 

72 

371 

66 

195 

99 

385 

69 

• 

239 

127 

23 

263 

167 

396 

71 

265 

0 

390 

70 

267 

2 

404 

72 

274 

9 

429 

77 

289 

26 

466 

83 

313 

50 

460 

82 

364 

101 

489 

88 

366 

270 

394 

71 

370 

132 

24 

3 

9 
23 
47 
76 
94 
96 
98 
102 


Phaseolin  (NaCl  method).    Total  NH2  N  =  11.15  per  cent. 


61 
73 
75 
91 
99 
103 


108 
173 
223 


19 
31 
40 
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SERIES  A—Continued. 


Pepsin 

. 

^Trypsin 

. 

Erepsin 

Hre. 

NH»  N. 

Pet  cent 
of  total 
NHtN. 

Hro. 

NHtN. 

Per  cent 
of  total 
NHtN. 

Hre. 

NH«  N. 

Per  cent 
of  total 
NH.  N 

mg. 

mg. 

mg. 

108 

12 

257 

46 

118.5 

22.5 

295 

53 

144 

48 

338 

61 

155 

103 

19 

168 

72 

370 

66 

195 

99 

386 

69 

239 

109 

20 

263 

167 

409 

73 

265 

0 

420 

75 

267 

2 

432 

77 

274 

9 

436 

78 

289 

26 

500 

90 

313 

50 

484 

87 

364 

101 

510 

91 

366 

270 

428 

77 

370 

118 

21 

Soy  bean  globulin. 

Total  NH,  N  =  1 

[1.20  per  cent. 

3 

61 

11 

9 

70 

13 

23 

71 

13 

47 

83 

15 

76 

92 

16 

94 

100 

18 

96 

0 

107 

20 

98 

2 

187 

33 

102 

6 

235 

42 

108 

12 

274 

49 

118.5 

22.5 

313 

56 

144 

48 

353 

63 

155 

111 

20 

168 

72 

374 

67 

195 

99 

387 

69 

239 

121 

22 

263 

167 

400 

71 

265 

0 

391 

69 

267 

2 

411 

73 

274 

9 

428 

76 
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SERIES  k— Concluded. 


Pepsin 

Trypsin 

• 

Erepsin 

• 

Hrs. 

NHxN. 

Per  cent 
of  total 
NHa  n. 

Hrs. 

NHiN. 

Per  cent 
of  total 
NHjN. 

Hrs. 

NHtN. 

Per  cent 
of  total 
NHiN. 

mg. 

mg. 

mg. 

289 

26 

464 

83 

313 

50 

458 

82 

364 

101 

482 

86 

366 

270 

401 

72 

370 

136 

24 

"Squash  seed  globulin.     Total  NHj  N  = 

11.06 

per  cent. 

3 

61 

11 

9 

70 

13 

23 

79 

14 

47 

88 

16 

76 

91 

16 

94 

104 

19 

96 

0 

100 

18 

98 

9 

mm 

228 

41 

102 

6 

278 

50 

108 

12 

297 

54 

118.5 

22.5 

332 

60 

144 

48 

369 

66 

155 

106 

19 

168 

72 

378 

68 

195 

99 

394 

71 

239 

113 

20 

263 

167 

413 

75 

265 

0 

413 

75 

267 

2 

419 

76 

274 

9 

456 

83 

289 

26 

489 

88 

313 

50 

503 

91 

36-4 

101 

516 

93 

366 

270 

417 

40 

370 

120 

E.  M.  Frankel 
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SERIES  B. 

Pepsin. 

Trypsin. 

Erepsin 

• 

Hre. 

NHiN. 

Percent 
of  total 

NH.N. 

Hre. 

NH«N. 

Percent 
of  total 
NHxN. 

Hre. 

NHiN. 

Per  cent 
of  total 
NHiN. 

Amandin 

l    Total  NH,  N  =  11.00 

per  cent. 

mg. 

mg. 

mg. 

6 

58 

10 

21 

63 

11 

51 

74 

13 

94 

80 

5 

96 

2 

208 

38 

100 

6 

255 

46 

105.5 

11.5 

274 

50 

114.5 

20.5 

310 

56 

140 

46 

339 

62 

168 

96 

18 

74 

374 

68 

24 

147 

376 

68 

260 

0 

377 

69 

265 

0 

384 

70 

270 

101 

18 

27 

11 

394 

72 

287 

27 

'   415 

76 

316 

222 

361 

66 

317 

57 

402 

74 

370 

110 

415 

76 

416 

105 

19 

417 

323 

357 

65 

419 

159 

452 

82 

Conglutin.    Total  NH,  N  =  10.86  per  cent. 


6 

47 

9 

21 

61 

11 

51 

65 

12 

94 

67 

12 

96 

9 

193 

35 

100 

6 

229 

42 

105.5 

11.5 

256 

47 

114.5 

20.5 

276 

51 

140 

• 

46 

316 

58 

168 

83 

15 

74 

338 

62 

241 

147 

337 

62 

E.  M.  Frankel 
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SERIES  B— Continued. 


Pepein 

• 

Trypsin 

■ 

Erepsin 

■ 

Hre. 

NH«N. 

Per  cent 
of  total 
NH«N. 

Hre. 

NH.N. 

Per  cant 
of  total 
NHtN. 

Hrs. 

NHsN. 

Per  cent 
of  total 

NHjN. 

mg. 

mg. 

mg. 

260 

0 

342 

63 

265 

5 

347 

64 

270 

91 

17 

271 

11 

360 

66 

287 

27 

392 

72 

316 

222 

329 

61 

317 

57 

382 

71 

370 

• 

110 

398 

73 

416 

97 

18 

417 

323 

331 

61 

419 

159 

463 

85 

Phaseolin  (NaOH) 

.     Total  NH,  N  =  1 

L0.72  per  cent. 

6 

68 

13 

21 

76 

14 

51 

83 

15 

# 

94 

90 

17 

96 

2 

155 

29 

100 

6 

187 

35 

105.5 

11.5 

212 

39 

114.5 

20.5 

244 

45 

140 

46 

296 

55 

168 

102 

19 

74 

348 

65 

241 

147 

372 

69 

260 

0 

371 

69 

265 

5 

409 

76 

270 

115 

21 

271 

11 

394 

74 

287 

27- 

420 

78 

316 

222 

374 

70 

317 

57 

434 

81 

370 

110 

452 

84 

416 

115 

21 

417 

323 

372 

69 

419 

159 

463 

86  . 
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SERIES  B— Continued. 

Pepsin. 

Trypsin. 

Erepein. 

lira. 

NH*N. 

• 

Per  cent 
of  total 
NHxN. 

Hrs. 

NHtN. 

Per  cent 
of  total 

NHiN. 

Hrs. 

NHxN. 

Per  cent 
of  total 
NHiN. 

Phaseolin  (NaCl-NaOH).    Total  NH2  N 

=  10.57  per  cent. 

mg. 

mg. 

|        mg. 

6 

71 

13 

21 

78 

15 

51 

88 

17 

94 

94 

18 

96 

2 

158 

30 

100 

6 

207 

.39 

105.5 

11.5 

233 

44 

114.5 

20.5 

254 

48 

140 

46 

295 

56 

168 

114 

22 

74 

351 

66 

241 

147 

375 

71 

260 

0 

393 

74 

265 

5 

390 

74 

270 

126 

24 

271 

11 

411 

78 

287 

\ 

27 

434 

82 

316 

222 

389 

73 

317 

57 

427 

81 

370 

110 

469 

89 

416 

117 

23 

417 

323 

387 

73 

419 

159 

481 

91 

Phaseolin  (NaCl).    Total  NH*  N  =   11.15  per  cent. 


6 

21 

51 

94 

96 

100 

105 

114 

140 

168 

241 


62 

11 

79 

14 

94 

17 

94 

17 

2 

6 

11.5 
20.5 
46 

178 
220 
247 
276 
322 

32 
39 
44 
49 
58 

108 

20 

74 
147 

362 
396 

65 
71 

E.  M.  Frankel 
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SERIES  &— Concluded. 


Pepsin 

• 

Trypsin 

• 

Erepain 

• 

Hrs. 

NHtN. 

Percent 
of  total 
NHiN. 

Hrs. 

NHi  N. 

Per  cent 
of  total 
NHiN. 

Hra. 

NHtN. 

• 

Per  cent 
of  total 
NHsN. 

mg. 

mg. 

mg. 

260 

0 

404 

72 

265 

5 

408 

73 

270 

Ill 

20 

271 

11 

418 

75 

287 

27 

448 

80 

316 

222 

401 

72 

317 

57 

432 

77 

370 

110 

482 

86 

416 

109 

20 

417 

323 

388 

70 

419 

159 

514 

92 

Legumelin 

.    Total  NH,  N  =   10.86  per 

cent. 

6 

66 

12 

21 

80 

15 

51 

94 

17 

94 

107 

20 

96 

2 

198 

36 

100 

6 

246 

45 

105.5 

11.5 

262 

48 

114.5 

20.5 

295 

54 

140 

46 

324 

63 

• 

168 

110 

20 

74 

367 

68 

241 

147 

389 

72 

260 

0 

400 

74 

265 

5 

402 

74 

270 

123 

23 

271 

11 

421 

78 

287 

27 

448 

82 

316 

222 

392 

72 

317 

57 

436 

80 

370 

110 

489 

90 

416 

123 

23 

417 

323 

393 

72 

419 

159 

492 

90 
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Chart  B. 


The  data  presented  in  the  foregoing  tables  and  curves  indicate 
that  there  are  no  very  striking  differences  in  the  extent  of  the 
disintegration,  by  the  proteolytic  ferments  used,  of  the  various 
proteins  studied.  Although  the  small  variations  noted  between 
the  amounts  of  amino  nitrogen  liberated  from  the  different  pro- 
teins at  various  stages  of  digestion  may  be  of  some  significance 
physiologically,  there  seems  to  be  no  justification  for  this  view  at 
present.  At  least,  there  appears  to  be  nothing  in  the  data  cited 
that  could  be  used  to  explain  the  poor  utilization  of  some  of  the 
leguminous  proteins  reported  by  Mendel  and  Fine  (1912).  While 
it  is  plausible  that  the  defective  utilization  of  these  proteins  may 
be  due  to  their  poor  digestion  in  vivo  this  theory  cannot  be  sub- 
stantiated by  these  in  vitro  experiments.  It  may  be  that  the 
periods  during  which  the  proteins  were  exposed  to  ferment  action 
were  too  long  to  be  comparable  with  the  conditions  that  obtain 
in  vivo.  It  has  been  shown  that  while  native  egg-white  can  be 
digested  in  vilro  with  little  difficulty,  when  fed  to  a  <.!og  it  is  elimi- 
nated in  the  feces  in  a  eoagulable  form  (Bateman,  1916).  In 
this  case  the  protein  loaves  the  stomach  and  intestine  so  rapidly 
that  there  is  little  or  no  time  for  the  digestive  ferments  to  act 
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upon  it.    Whether  or  not  the  same  applies  to  the  leguminous  pro- 
teins is     question  for  further  experimentation  to  decide. 

Viewed  from  the  standpoint  of  hydrolytic  cleavage  the  results 
presented  are  of  some  interest  in  that  they  show  to  what  extent 
proteolysis  may  go  on  in  a  comparatively  short  time  as  a  result 
of  mild  treatment.  Previous  investigators  have  claimed  that  it 
is  possible  to  effect  complete  disintegration  of  proteins  with  en- 
zymes. The  periods  of  digestion,  however,  were  quite  long.  Here 
we  are  able  to  present  data  which  show  that  in  comparatively 
short  periods  extensive  hydrolysis  is  possible.  Peptic  activity 
liberates  about  15  to  20  per  cent  of  the  available  amino  nitrogen 
in  less  than  100  hours.  Trypsin  acting  on  protein  partially  di- 
gested with  pepsin  effects  a  cleavage  equivalent  to  about  70 
per  cent  in  100  to  150  hours,  while  erepsin  acting  upon  material 
that  has  been  digested  with  pepsin  and  trypsin  can  disintegrate 
the  protein  so  that  only  10  to  15  per  cent  of  the  amino  nitrogen 
is  in  peptide  linkage.  The  results  given  above  are  perhaps  of 
some  interest  in  connection  with  the  recent  controversy  between 
Abderhalden  (1915)  and  Andersen  (1915)  regarding  the  possi- 
bility of  getting  complete  digestion  with  ferments  in  vitro.  It 
has  been  shown  here  that  in  some  cases  over  90  per  cent  of  the 
total  amino  nitrogen  may  be  liberated.  It  is  even  possible  that 
the  cleavage  effected  is  greater  than  this  because  of  the  fact  that 
certain  errors  are  introduced  in  not  making  a  correction  for  am- 
monia. Possibly  we  are  not  entirely  justified  in  the  assumption 
that  the  course  of  ammonia  liberation  runs  parallel  to  that  of  the 
liberation  of  amino  groups.  It  is  quite  true  that  the  figure  for 
amino  nitrogen  obtained  on  total  hydrolysis  is  too  high  when  no 
correction  is  made  for  the  nitrogen  of  ammonium  salts.  If  the 
amounts  of  ammonia  liberated  during  digestion  were  low  we  should 
obtain  a  value  for  the  ratio  of  the  amino  nitrogen  liberated  to  the 
total  amino  nitrogen  that  is  low  when  the  correction  for  ammonia 
is  not  applied.  The  net  result  of  such  a  condition  would  probably 
show  that  the  extent  of  proteolytic  breakdown  is  even  greater 
than  indicated  by  the  figures  above.  In  this  respect  the  data 
presented  above  support  the  view  of  Abderhalden  that  it  is  pos- 
sible to  disintegrate  protein  almost  completely  by  the  action  of 
ferments.  A  consideration  of  the  ammonia  data  is  now  being 
undertaken  with  the  hope  of  clearing  up  this  point. 
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The  curve  of  trypsin  proteolysis  makes  it  appear  that  the  pro- 
teolytic activity  of  this  enzyme  is  practically  discontinued  after 
100  to  150  hours.  This  is  in  all  probability  due  to  the  auto  de- 
struction of  the  ferment. 

There  are  few  data  in  the  literature  dealing  with  the  behavior 
of  trypsin  towards  purified  proteins  from  a  strictly  quantitative 
standpoint.  Van  Slyke  (1911)  recorded  one  experiment  on  the 
digestion  of  edestin.  Henriques  and  Gjalbaek  (1911),  using  the 
"formol"  titration,  investigated  the  tryptic  proteolysis  of  several 
pure  proteins.  Their  experiments  are  not  comparable  with  those 
presented  in  this  paper  since  they  were  carried  out  over  long 
periods  of  time  with  much  smaller  ferment  concentrations  than 
were  used  here;  and  they  are  further  not  strictly  comparable 
among  themselves,  since  no  correction  was  made  for  the  amino 
nitrogen  of  the  ferment  preparations  added.  It  has  further  been 
pointed  out  above  that  the  results  are  not  calculated  on  the  proper 
basis.  It  seemed  desirable  to  determine  how  much  difference  in 
the  curve  of  tryptic  proteolysis  was  occasioned  by  a  preliminary 
digestion  of  the  protein  with  pepsin.  Furthermore,  the  influence 
of  successive  additions  of  trypsin  to  proteolysis  mixtures  was 
studied  with  the  view  of  establishing  how  far  cleavage  with  tryp- 
sin alone  may  go.     The  following  plan  was  carried  out. 

5  gm.  of  protein  were  dissolved  in  225  cc.  of  0.5  per  cent  sodium  carbo- 
nate solution,  and  25  cc.  of  a  solution  of  trypsin  in  0.5  per  cent  sodium 
carbonate  were  added. 

An  amount  of  dry  trypsin  equivalent  to  one-tenth  of  the  protein  used 
was  taken,  as  in  the  previous  experiments.  Tricresol  was  used  as  a 
preservative  and  the  solutions  incubated  in  stoppered  flasks  at  38-40°C. 
Samples  were  withdrawn  at  stated  intervals,  treated  with  glacial  acetic 
acid  to  inhibit*  further  digestion,  and  then  analyzed  for  amino  nitro- 
gen. A  control  experiment  was  run  and  adequate  corrections  were  made  for 
the  ferment  added  so  that  the  data  recorded  in  the  tables  represent  the 
amino  nitrogen  actually  derived  from  the  protein  used.  The  results  are 
calculated  for  the  5  gm.  of  protein  employed  and  the  cleavage  is  given  as 
the  ratio  of  the  amino  nitrogen  liberated  to  the  total  available  amino 
nitrogen. 

After  5  days  of  digestion  a  200  cc.  portion  of  the  solution  was  treated 
with  0.4  gm.  of  dry  trypsin  dissolved  in  25  cc.  of  water,  and  the  proteolysis 
followed  as  before.  The  results  were  calculated  for  the  5  gm.  of  protein 
originally  taken  and  are  comparable  with  those  given  elsewhere  in  this 
paper. 
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SERIES  C. 
Proteolysis  with  Trypsin. 


Hn. 

Conglutin. 

Phaseolin 
(NaOH). 

E  dee  tin. 

Casein. 

Phaseolin 
(NaCl). 

NHjN. 

Per  cent 
of  total 
NHjN. 

NHjN. 

Percent 
of  total 
NHjN. 

NHjN. 

Percent 
of  total 
NHiN. 

NHjN. 

Percent 
of  total 
NHjN. 

NHjN. 

Pei  cent 
of  total 
NHjN. 

mg. 

mg. 

mg. 

mg. 

mg. 

0 

26 

5 

28 

5 

26 

5 

45 

9 

29 

5 

2 

115 

21 

38 

7 

98 

18 

180 

37 

67 

12 

6 

192 

35 

81 

15 

151 

27 

212 

44 

151 

27 

12 

237 

44 

161 

30 

165 

30 

232 

48 

197 

35 

21 

249 

46 

222 

41 

192 

35 

248 

51 

228 

41 

33 

260 

48 

254 

47 

189 

34 

249 

51 

239 

43 

58 

260 

48 

276 

51 

200 

36 

258 

53 

243 

44 

122 

264 

49 

303 

56 

215 

39 

267 

i 

55 

268 

48 

More  trypsin  added  at  the  122nd  hr. 


127 

292 

54 

302 

60 

237 

43 

272 

56 

294 

53 

144 

311 

57 

345 

64 

281 

51 

287 

59 

309 

55 

168 

310 

57 

349 

65 

302 

55 

297 

61 

321 

58 

222 

314 

58 

359 

67 

322 

58 

319 

66 

330 

59 

A  comparison  of  the  data  above  with  the  results  obtained  when 
a  preliminary  peptic  digestion  was  made  indicates  that  the  rate 
of  digestion  with  trypsin  is  equally  great  in  both  cases.  For  ex- 
ample, in  the  case  of  casein  the  rates  in  the  early  hours  are  much 
the  same  in  both  types  of  digestion,  the  difference  being  found 
only  when  an  examination  of  the  later  stages  is  made.  It  is  shown 
that  the  same  quantity  of  trypsin  will  eventually  cause  a  much 
larger  cleavage  of  the  protein  when  a  preliminary  peptic  digestion 
is  made  than  is  possible  with  the  trypsin  alone.  This  finding  is 
in  agreement  with  the  observation  of  Fischer  and  Abderhalden 
(1903),  who  showed  that  neither  proline  nor  phenylalanine  could 
be  obtained  from  the  tryptic  digestion  of  casein,  while  both  of 
these  amino-acids  could  be  recovered  if  a  preliminary  peptic  di- 
gestion preceded  the  action  of  trypsin. 

The  further  addition  of  trypsin  to  a  digestion  mixture  seems  to 
be  effective  in  causing  further  cleavage.  Thus  in  the  case  of  edes- 
tin  the  addition  of  more  ferment  caused  an  increase  of  40  to  60 
per  cent  in  the  amount  of  amino  nitrogen  liberated.     The  same 
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phenomenon  was  noted  with  the  other  proteins  studied,  though 
the  increases  were  not  quite  so  marked.  The  proteolysis  effected 
by  the  initial  quantity  of  trypsin  is  practically  complete  in  less 
than  50  hours.  This  finding,  coupled  with  the  observation  that 
additional  trypsin  can  cause  further  degradation  of  the  protein, 
appears  to  militate  against  the  view  of  Abderhalden  and  Gigon 
(1907)  regarding  the  inactivation  of  trypsin  due  to  the  binding  of 
the  enzyme  by  the  end-products.  If  the  end-products  alone  were 
responsible  for  the  inactivation  of  the  trypsin  there  should  be  no 
additional  cleavage  when  more  enzyme  is  added,  for  surely  there 
must  be  a  larger  excess  of  end-products  present  over  those  nec- 
essary to  bind  the  initial  amount  of  trypsin.  If  the  view  of  Ab- 
derhalden and  Gigon  were  correct  we  should  expect  to  find  a  defi- 
nite end-point  for  tryptic  proteolysis.  Since  this  is  not  the  case, 
as  is  evidenced  by  the  results  cited,  it  seems  as  though  the  inacti- 
vation of  trypsin  due  to  decomposition  of  the  ferment  is  of  greater 
moment  than  is  the  factor  of  combination  with  the  end-products. 
The  slight  variations  in  dilution  may  presumably  be  ruled  out 
because  of  the  fact  that  the  initial  protein  concentration  is  quite 
low  (2  per  cent).  In  general,  where  extensive  cleavage  is  desired 
it  would  seem  preferable  to  add  small  portions  of  ferment  from 
time  to  time. 

There  are  some  data  in  the  literature  regarding  the  extent  of 
proteolysis  with  pepsin  and  trypsin.  However,  as  far  as  the  au- 
thor is  aware,  there  are  no  quantitative  studies  of  the  extent  to 
which  pepsin  followed  by  erepsin  can  disintegrate  the  protein 
molecule.  It  is  generally  believed  that  casein  and  gelatin  are  the 
only  proteins  attacked  by  erepsin.6  In  the  case  of  other  proteins 
preliminary  cleavage  by  some  other  agency  must  be  effected. 
The  object  of  the  experiments  cited  below  was  to  determine  the 
effect  of  erepsin  upon  protein  that  was  partially  digested  with 
pepsin. 

*  On  the  basis  of  experiments  with  twelve  proteins  the  author  inclines 
to  the  view  that  erepsin  may  attack  other  native  proteins.  However,  since 
the  presence  of  trypsin  in  the  sample  of  erepsin  used  could  not  be  ruled 
out  completely,  though  its  presence  was  indeed  doubtful  (page  57),  fur- 
ther experiments,  intended  to  exclude  the  presence  of  trypsin,  are  planned. 
It  is  hoped  that  a  report  on  this  point  will  be  ready  soon. 
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3  gm.  of  protein  were  digested  at  38-40°C,  with  150  cc.  of  a  0.2  per  cent 
solution  of  hydrochloric  acid  containing  60  mg.  of  pepsin.  Proteolysis 
was  allowed  to  proceed  for  93  hours.  A  portion  of  100  cc.  equivalent  to 
2  gm.  of  protein  was  made  alkaline  with  10  cc.  of  7.5  per  cent  sodium  car- 
bonate solution,  treated  with  25  cc.  of  erepsin  solution,  and  incubated  at 
38-40°C.  Samples  were  taken  at  intervals,  treated  with  glacial  acetic  acid 
to  stop  further  digestion,  and  then  analyzed  for  amino  nitrogen.  The  di- 
gestions were  continued  until  no  further  increases  of  any  considerable  mag- 
nitude were  noted.  Series  D  and  E  were  run  under  comparable  conditions, 
but  different  ferment  preparations  were  used.  Control  experiments  were 
also  run  and  corrections  for  the  ferments  introduced. 


SERIES  D. 
Proteolysis  with  Pepsin  and  Erepsin, 


Hre. 


Conglutin. 


NHiN. 


Per  cent 
of  total 
NHi  N. 


Soy  bean 
globulin. 


NHiN. 


Percent 
of  total 
NHjN. 


Edestin. 


NHiN. 


Percent 
of  total 

NHi  N. 


Casein. 


NHiN. 


Per  cent 
of  total 

NHiN. 


Phaseolin 
(NaCl). 


NHsN 


Percent 
of  total 
NHsN. 


Peptic  digestion. 


mg. 

mg. 

mg. 

mg. 

mg. 

6 

29 

9 

40 

12 

34 

10 

31 

11 

40 

12 

24 

38 

12 

49 

15 

45 

14 

41 

14 

56 

17 

93 

48 

15 

58 

17 

55 

17 

46 

16 

61 

18 

Digests  made  alkaline  and  erepsin  added  at  the  93rd  hr. 

96 

91 

28 

119 

35 

107 

32 

106 

36 

121 

36 

103 

153 

47 

207 

62 

197 

60 

145 

50 

192 

57 

116 

190 

58 

256 

76 

259 

78 

199 

68 

253 

76 

145 

212 

65 

280 

83 

286 

86 

244 

84 

290 

87 

170 

215 

66 

286 

85 

293 

88 

252 

86 

298 

89 

217 

226 

69 

287 

85 

293 

88 

265 

91 

296 

89 
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Proteolysis 

SERIES  E. 

irith  Pepsin  and  Erepsin. 

_■*. 

Cottoiund  (lobulin. 

UouTbutniri. 

Bquuh  Had 
globulia- 

1  Per  nut 

NH,  N.  of  total 

NHiN. 

NH,  N. 

Per  «nt 

NII.K. 

NHiN. 

Ptront 
of  total 

Ml,  N. 

NHiN. 

Pm  «ul 
NH.N. 

Peptic  digestion. 

Mf. 

■». 

Mf. 

m. 

0 

34 

10 

39 

12 

47 

14 

40 

12 

25 

47 

14 

49 

15 

59 

18 

4) 

15 

S3 

49 

15 

52 

16 

66 

20 

61 

" 

Digests  ma 

e  alkalm 

and  erepsin  added  at  the  93rd  hr 

96 

67 

20 

71 

22 

89 

27 

72 

22 

103 

116 

35 

120 

38 

140 

42 

120 

36 

117 

180 

55 

175 

55 

194 

58 

171 

51 

145 

252 

76 

245 

71 

240 

72 

242 

73 

173 

275 

83 

258 

81 

258 

77 

284 

8fi 

212 

272 

83 

262 

82 

277 

83 

289 

87 

1 
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It  will  be  noted  from  the  tables  and  curves  that  erepsin  can 
cause  a  far  reaching  cleavage  of  the  protein  molecule  provided  its 
action  is  preceded  by  a  peptic  digestion.  Owing  to  the  unlike 
ferment  concentrations  the  rapidity  of  the  cleavage  varies  some- 
what in  different  preparations.  The  end  results  were,  however, 
practically  the  same  in  the  two  series  of  digestions,  the  difference 
in  action  being  noted  only  in  the  early  hours  of  digestion. 

Unfortunately  no  test  was  made  for  the  presence  of  trypsin  in 
the  erepsin  preparation  used  in  Series  D.  However,  the  material 
employed  in  Series  E,  made  in  the  same  way,  was  tested  with  a 
flock  of  fibrin  and  no  digestion  was  observed  after  incubation  at 
38°  for  24  hours.  Judging  from  the  instability  of  trypsin  in  aque- 
ous solution,  especially  on  dialysis,  the  presence  of  trypsin  in  the 
erepsin  solutions  used  (Rice's  method)  seems  unlikely. 

The  desirability  of  having  a  means  for  effecting  extensive  pro- 
teolysis in  vitro  with  mild  treatment  need  not  be  emphasized, 
For  such  operations  as  the  preparation  of  tryptophane  or  the  iso- 
lation of  other  protein  degradation  products  this  method  of  rap- 
idly disintegrating  the  protein  molecule  may  prove  of  much  service. 
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SUMMARY  AND   CONCLUSIONS. 

It  has  been  demonstrated  that  pepsin  is  the  effective  agent  in 
pepsin-hydrochloric  acid  digestion  since  hydrochloric  acid  alone 
in  the  concentrations  ordinarily  employed  has  very  little  proteo- 
lytic effect.  As  a  result  of  a  series  of  experiments  the  conclusion 
seems  justified  that  comparable  results  in  proteolysis  studies  are 
to  be  obtained  only  when  the  substrates  are  in  solution ;  otherwise 
deviations  of  10  to  15  per  cent  may  be  encountered  in  duplicate 
experiments.  An  examination  of  the  digestion  of  thirteen  pro- 
teins shows  that  there  is  a  parallelism  in  the  cleavage  curves  of 
all  the  proteins,  if  the  cleavage  is  calculated  as  the  ratio  of  the 
amino  nitrogen  liberated  at  any  one  time  to  that  obtained  on 
total  hydrolysis  of  the  protein  with  strong  acid. 

Pepsin-hydrochloric  acid  can  liberate  about  20  per  cent  of  the 
total  amino  nitrogen  of  a  protein  in  less  than  100  hours.  Trypsin 
acting  upon  proteins  partially  digested  with  pepsin  effects  a  cleav- 
age of  about  70  per  cent.  The  action  of  trypsin  upon  native  pro- 
teins can  cause  a  cleavage  of  about  50  per  cent  of  the  peptide  link- 
ages. Further  addition  of  trypsin  may  cause  further  disintegra- 
tion of  the  protein. 

Erepsin  following  the  action  of  pepsin  is  a  very  effective  agent 
in  causing  the  disruption  of  the  protein  molecule.  In  two  series 
of  experiments  cleavage  of  about  85  per  cent  of  the  protein  could 
be  demonstrated.  The  successive  action  of  pepsin,  trypsin,  and 
erepsin  liberates  about  85  to  90  per  cent  of  the  total  amino  nitro- 
gen of  the  protein  studied. 

The  author  wishes  to  express  his  thanks  to  Professor  Lafayette 
B.  Mendel,  at  whose  suggestion  this  work  was  undertaken,  for 
his  advice  and  criticism. 

BIBLIOGRAPHY. 

Abderhalden,  E.,  Abwehrfermente,  Berlin,  1913;  Z.  physiol.  Chem,  1915, 

xcvi,  1. 
Abderhalden,  E.,  and  Gigon,  A.,  Z.  physiol.  Chem.y  1907,  liii,  251. 
Abderhalden,  E.,  and  Pettibone,  C.  J.  V.,  Z.  physiol.  Chem.,  1912,  lxxxi, 

458. 
Andersen,  A.  C,  Biochem.  Z.,  1915,  lxx,  344. 
Auld,  S.  J.  M.,  and  Mosscrop,  T.  D.,  J.  Chem.  Soc.t  1913,  ciii,  281. 


E.  M.  Frankel  59 

Bateman,  W.  G.,  J.  Biol.  Chem.,  1916,  xxvi,  No.  2. 

Bayliss,  W.  M.,  Arch.  sc  biol.,  Suppl.,  1904,  xi,  261;  J.  Physiol. ,  1907,  xxxvi, 

221. 
Berg,  W.  N.,  J.  Agric.  Research,  1916,  v,  667. 
Brown,  A.  J.,  and  Millar,  E.  T.,  J.  Chem.  Soc,  1906,  lxxxix,  145. 
Christiansen,  J.,  Biochem.  Z.,  1912,  xlvi,  71. 

Fischer,  E.,  and  Abderhalden,  E.,  Z.  physiol.  Chem.,  1903-04,  xl,  215. 
Harding,  V.  J.,  and  MacLean,  R.  M.,  J.  Biol.  Chem.,  1915,  xx,  217;  1916, 

xxiv,  503. 
Henriques,  V.,  and  Gjalbaek,  J.  K.,  Z.  physiol.  Chem.,  1910,  lxvii,  8;  1911, 

lxxv,  363. 
Hersfeld,  E.,  Biochem.  Z.,  1914,  lix,  249. 
Hirsch,  P.,  Z.  physiol.  Chem.,  1914,  xci,  440. 

Kober,  P.  A.,  and  Haw,  A.  B.,  J.  Am.  Chem.  Soc,  1916,  xxxviii,  457. 
Kober,  P.  A.,  and  Sugiura,  K.,  J.  Am.  Chem.  Soc,  1913,  xxxv,  1546. 
London,  E.  S.,  Abderhalden' s  Handb.  biochem.  Arbeitsmethoden,  1910,  iii,  75. 
Mendel,  L.  B.,  and  Fine,  M.  S.,  J.  Biol.  Chem.,  1911-12,  x,  433. 
Oker-Blom,  M.,  Skand.  Arch.  Physiol,  1902,  xiii,  359. 
Rice,  F.  E.,  J.  Am.  Chem.  Soc,  1915,  xxxvii,  1319. 
Robertson,  T.  B.,  J.  Biol.  Chem.,  1912,  xii,  23. 
Schutz,  E.j  Z.  physiol.  Chem.,  1885,  ix,  577. 

Siegfried,  M.,  and  Neumann,  C,  Z.  physiol.  Chem.,  1907,  liv,  423. 
Siegfried,  M.,  and  Reppin,  H.,  Z.  physiol.  Chem.,  1915,  xcv,  18. 
Sjdquist,  J.,  Skand.  Arch.  Physiol.,  1895,  v,  277. 
Sorensen,  S.  L.  P.,  Biochem.  Z.,  1908,  vii,  45. 

Taylor,  A.  E.,  Univ.  California  Publications,  Pathology,  1907,  i,  137   ff. 
Van  Slyke,  D.  D.,  J.  Biol.  Chem.,  1911,  ix,  185;  1912,  xii,  275;  1913-14, 

xvi,  121. 
Vernon,  H.  M.,  J.  Physiol.,  1904,  xxx,  330. 

White,  G.  F.,  and  Crozier,  W.  J.,  J.  Am.  Chem.  Soc,  1911,  xxxiii,  2042. 
White,  G.  F.,  and  Thomas,  A.,  /.  Biol.  Chem.,  1912-13,  xiii,  111. 
Zunz,  E.,  Z.  physiol.  Chem.,  1899,  xxvii,  219 


THE  METABOLISM  OF  SULFUR. 

I.    THE  RELATIVE  ELIMINATIONS  OF  SULFUR  AND  NITROGEN  IN 
THE  DOG  IN  INANITION  AND  SUBSEQUENT  FEEDING. 

By  HOWARD  B.  LEWIS. 

{From  the  Laboratory  of  Physiological  Chemistry  of  the  University  of 

Illinois,  Urbana.) 

(Received  for  publication,  June  7,  1916.) 

The  suggestion  has  frequently  been  made  that  a  study  of  the 
ratio  of  the  sulfur  to  nitrogen  excretion  might  give  valuable  evi- 
dence concerning  the  rate  of  metabolism  of  the  protein  molecule, 
and  many  experimental  facts  on  this  subject  have  accumulated 
in  recent  years.1  Certain  observers,  notably  von  Wendt,  main- 
tain that  no  true  picture  of  protein  catabolism  can  be  obtained 
from  a  study  of  the  nitrogen  excretion  alone,  but  only  from  a  study 
of  both  nitrogen  and  sulfur  excretions.  In  general  it  has  been 
observed  that  the  maximal  sulfur  elimination  precedes  or  coincides 
with  the  maximal  nitrogen  elimination.  From  these  data  it  has 
been  argued  that  the  sulfur-rich  moiety  of  the  protein  molecule  is 
split  and  oxidized  first  by  the  organism,  while  the  oxidation  of  the 
sulfur-poor  fraction  of  the  molecule  is  delayed.  A  large  mass  of 
experimental  data  concerning  the  course  of  the  excretion  of  sul- 
fur and  its  relation  to  nitrogen  elimination  in  man  in  starvation  is 
also  available.2    Of  these  studies,  the  most  recent,  the  record  of  a 

1  Siven,  V.  O.,  Skand.  Arch.  Physiol,  1901,  xi,  308.  Sherman,  H.  C,  and 
Hawk,  P.  B.,  Am.  J.  Physiol.,  1900-01,  iv,  25.  Von  Wendt,  G.,  Skand. 
Arch.  Physiol.,  1905,  xvii,  211.  Ehrstrom,  R.,  ibid.,  1906,  xviii,  281.  Falta, 
W.,  Deutsch.  Arch.  klin.  Med.,  1905,  lxxxvi,  517.  Hamalainen,  J.,  and 
Helme,  W.,  Skand.  Arch.  Physiol,  1906,  xix,  182.  Wolf,  C.  G.  L.,  and  Oster- 
berg,  E.,  Biochem.  Z.,  1912,  xl,  193,  234;  1912,  xli,  111.  Cathcart,  E.  P.,  and 
Green,  H.  H.,  Biochem.  J.,  1913,  vii,  1.  Tsuji,  K.,  Biochem.  J.,  1915,  ix, 
439. 

*  Compare  Benedict,  F.  G.,  Carnegie  Institution  of  Washington,  Publica- 
tion No.  77,  1907,  397,  for  a  review  of  the  older  literature. 
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31  day  fast  reported  by  Benedict,8  may  be  cited  as  typical.  As 
the  fast  progressed  there  was  a  slight  tendency  for  the  ratio  of 
the  nitrogen  to  sulfur  excretion  to  decrease;  i.e.,  the  excretion  of 
sulfur  became  relatively  higher,  although  the  ratios  tended  to  re- 
main within  rather  narrow  limits,  especially  toward  the  end  of  the 
experiments.  For  the  fasting  dog  data  are  less  numerous  and 
confined  to  short  periods.  In  two  experiments  extending  over  a 
period  of  7  days,  reported  by  Underhill  and  Kleiner,4  wide  varia- 
tions in  the  N :  S  ratio  were  observed  although  in  one  animal 
(Dog  4)  the  ratio  was  practically  constant  in  the  last  3  days  of 
the  fast  (13.2,  13.5,  and  13.6,  calculated  from  the  data  of  Under- 
hill and  Kleiner).  Fasts  of  3  to  4  days  following  ingestion  of  a 
high  protein  diet  have  been  reported  by  Osterberg  and  Wolf,6 
but  because  of  the  short  periods  and  the  previous  high  protein 
diet,  these  figures  are  best  interpreted  as  showing  relative  lags  in 
the  elimination  of  nitrogen  and  sulfur  after  the  superimposition 
of  a  high  protein  diet.  Later  observations  by  the  same  experi- 
menters6 included  fasts  of  8  days.  As  a  result  of  these  experi- 
ments Wolf  and  Osterberg  conclude  that  the  organism  protects 
the  sulfur  fraction  of  the  protein  molecule  more  effectively  than 
the  nitrogen,  pointing  to  a  special  function  of  the  cystine  fraction 
of  the  protein  molecule.  It  must  be  borne  in  mind,  however, 
that  the  serum  protein  fed  following  the  fasting  period  was  higher 
in  sulfur  content  than  are  the  ordinary  proteins  of  the  diet7  or  the 
proteins  of  the  body  tissue  with  the  exception  of  certain  albumin- 
oids (N:S  =  10.9  for  the  protein  fed,  calculated  from  the  data 
of  Osterberg  and  Wolf,  as  compared  with  14  to  15  for  ordinary 
muscle  tissue).  Ingestion  of  such  a  sulfur-rich  protein  following 
fasting  would  tend  to  result  in  lower  N :  S  ratios  than  would  be 
obtained  with  a  more  normal  diet,  and  would  cause  the  contrast 
between  the  normal  and  fasting  ratios  to  appear  more  marked 

8  Benedict,  Carnegie  Institution  of  Washington,  Publication  No.  90S, 
1915,  277.  A  table  comparing  the  results  of  this  study  with  those  obtained 
in  previous  studies  is  given  on  p.  279. 

4  Underhill,  F.  P.,  and  Kleiner,  I.  S.,  J.  Biol.  Chem.,  1908,  iv,  165. 

6  Osterberg  and  Wolf,  Biochem.  Z.,  1907,  v,  304. 

6  Wolf  and  Osterberg,  Biochem.  Z.,  1911,  xxxv,  329. 

7  Osborne,  T.  B.,  Connecticut  Agric.  Exp.  Station,  Ann.  Rep.,  1900,  443. 
Compare  also  Sherman,  H.  C,  U.  S.  Depl.  Agric,  Bureau  of  Experiment 
Stations,  Bull.   M,  1902,  10. 
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than  would  have  been  the  case  had  the  diet  been  more  nearly  nor- 
mal for  such  an  animal.  No  sulfur  determinations  were  reported 
by  Howe,  Mattill,  and  Hawk8  in  connection  with  a  117  day  fast, 
the  longest  fast  on  record  for  the  dog.  No  long  continued  fasting 
experiments  on  the  dog  in  which  the  course  of  the  sulfur  elimina- 
tion was  followed  and  in  which  trustworthy  methods  for  the  de- 
termination of  sulfur  were  used  could  be  found  in  the  literature. 

McCollum9  has  suggested  on  the  basis  of  feeding  experiments 
with  swine  maintained  on  incomplete  proteins  that  the  processes 
of  cellular  catabolism  and  repair  do  not  necessarily  involve  the 
destruction  and  resynthesis  of  the  entire  protein  molecule.  If 
such  a  partial  degradation  of  the  protein  molecule  occurs,  it  would 
seem  probable  that  the  sulfur-containing  complex  would  be  con- 
served by  the  organism,  since  the  sulfur  requirements  of  the 
body  must  be  supplied  by  organic  sulfur,  and  since  cystine  is  con- 
sidered an  essential  amino-acid  which  must  be  present  preformed 
in  the  diet.  The  central  nervous  system  contains  considerable 
amounts  of  sulfur  in  the  form  of  lipoids,  the  exact  nature  of  which 
is  not  clearly  defined.  In  the  organism  of  the  dog,  the  demand  for 
sulfur  is  presumably  greater  than  in  man,  because  of  the  large 
amounts  of  sulfur  lost  through  the  shedding  of  the  hair.  How- 
ever, the  sulfur-rich  protein  in  the  dog  does  not  form  a  part  of 
the  more  essential  tissues,  as  the  heart,  nervous  system,  etc., 
which  are  the  last  to  suffer  loss  in  fasting.10  If  the  sulfur-contain- 
ing complex  can  be  retained  for  purposes  of  resynthesis,  the  with- 
drawal of  protein  (and  cystine)  from  the  diet  as  in  fasting  might 
result  in  a  rise  of  the  N :  S  ratio,  indicating  a  conservation  of  sul- 
fur, a  rise  which  should  become  more  marked  as  the  fast  pro- 
gressed. 

Inasmuch  as  there  was  found  to  be  a  paucity  of  data  on  the 
sulfur  excretion  by  the  fasting  dog,  such  a  study  of  a  prolonged 
period  of  fasting  followed  by  shorter  periods  of  alternate  feeding 
and  fasting  has  been  made,  in  the  hope  that  it  might  prove  of 

8  Howe,  P.  E.,  Mattill,  H.  A.,  and  Hawk,  P.  B.,  J.  Biol.  Chem.,  1912,  xi, 
103. 

•McCollum,  E.  V.,  Am.  J.  Physiol.,  1911-12,  xxix,  215. 
13  Kumagawa,  M.,  Mittheil.  tned.  Fakultat.  kaia.   Japan.  Univ.,    Tokio, 
iii,  No.  1,  quoted  by  Lusk,  G.,  The  Elements  of  the  Science  of  Nutrition, 
Philadelphia,  2nd  edition,  1909,  76. 
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value  from  the  point  of  view  of  a  conservation  of  the  sulfur  of 
the  protein  molecule  for  resynthesis  as  discussed  above.  The 
subject  of  the  experiments  was  a  white  female  bull  dog,  which 
remained  in  excellent  condition  throughout  the  experiment. 
Water  was  available  at  all  times.  The  animal  was  kept  in  a 
metabolism  cage  and  the  urine  separated  into  24  hour  periods  by 
catheterization.  Analyses  of  the  urine  for  total  nitrogen  by  the 
method  of  Kjeldahl-Gunning  and  for  total  sulfur  by  the  method 
of  S.  R.  Benedict  were  made  daily.  In  Table  I  for  the  sake  of 
brevity  the  results  are  expressed  in  periods  of  3  days  for  the  ir  ost 
part,  and  the  average  daily  elimination  is  given.  Unfortunately 
no  analyses  were  made  during  the  first  4  days  of  the  experiment. 
On  the  40th  day  of  the  fast  600  gm.  of  beef  heart11  (N  =  2.85  per 
cent,  S  =  0.191  per  cent,  N:  S  =  14.9)  were  fed,  after  which  a 
second  fasting  period  of  7  days  followed.  Beginning  with  the 
48th  day  alternate  feeding  and  fasting  periods  of  various  lengths 
were  studied  as  detailed  in  the  table. 

No  evidence  of  any  increasing  retention  of  sulfur  as  compared 
with  nitrogen  can  be  obtained  from  the  experimental  data.  The 
N:  S  ratios  for  the  first  and  last  periods  of  the  fast  (Periods  5  to 
7  and  37  to  39)  are  practically  identical,  13.9  and  14.0,  respec- 
tively. The  lowest  ratio,  12.9,  was  observed  toward  the  end  of 
the  fasting  experiment  (Periods  34  to  36),  and  the  highest,  16.1, 
toward  the  middle  of  the  fast  (Periods  15  to  17).  With  these  two 
exceptions  the  ratios  vary  within  narrow  limits,  from  14  to  15 
for  the  most  part.  These  ratios  certainly  show  no  tendency  to 
rise  higher  than  the  normal  feeding  ratios.  In  fact,  evidence  of 
the  opposite  tendency  was  obtained.  During  Periods  67  to  73,  in 
which  600  gm.  of  beef  heart  containing  17.1  gm.  of  nitrogen  and 
1.15  gm.  of  sulfur  (N:  S  =  14.9)  were  fed  daily,  and  in  which  a 
large  part  of  the  dietary  nitrogen  was  excreted  in  the  urine,  indi- 
cating that  the  urgent  need  for  protein  for  repair  had  been  satis- 
fied (compare  Periods  40  and  48  in  which  the  same  amount  of 
food  was  ingested),  the  ratios  average  17.3.  This  ratio  is  higher 
than  is  the  fasting  ratio.     Other  experiments  on  dogs  maintained 

^  For  the  determination  of  total  sulfur  in  meat  the  sample  was  heated 
on  the  water  bath  with  concentrated  nitric  acid,  evaporated  to  dryness,  and 
Benedict's  method  employed.  Compare  Wolf  and  Osterberg,  Biochem. 
Z.,  1910,  xxix,  429. 
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TABLE  I. 


The  Elimination  of  Nitrogen  and  Sulfur  during  Inanition  and  Subsequent 

Feeding.    White  Female  Bull  Dog. 


Period. 

Weight. 

Total  N 

for 
period. 

Aver- 
age 
daily 

N. 

Total  S 

for 
period. 

Aver- 

daily 
S. 

N:S 

Remarks. 

kg. 

gut. 

gm. 

gm. 

gm. 

5-  7 

8.59 

2.86 

0.595 

0.198 

13.9 

Fasting. 

9-11 

15.78 

7.67 

2.56 

0.517 

0.172 

14.8 

tt 

12-14 

15.29 

6.99 

2.33 

0.498 

0.166 

14.0 

tt 

15-17 

14.82 

5.94 

1.98 

0.370 

0.123 

16.1 

tt 

18-20 

14.42 

6.32 

2.11 

0.458 

0.153 

13.8 

it 

21-24 

14.00 

8.09 

2.03 

0.581 

0.145 

14.0 

tt 

25-27 

13.63 

6.13 

2.04 

0.446 

0.149 

13.6 

tt 

28-30 

13.26 

6.22 

2.07 

0.416 

0.139 

14.8 

tt 

31-33 

12.84 

6.09 

2.03 

0.414 

0.138 

14.7 

it 

34^36 

12.27 

6.06 

2.02 

0.468 

0.156 

12.9 

It 

37-39 

11.97 

5.47 

1.82 

0.390 

0.130 

14.0 

tt 

40 

12.14 

10.22 

10.22 

0.526 

0.526 

19.44 

600  gm.  meat. 

41 

11.89 

3.14 

3.14 

0.135 

0.135 

23.3 

Fasting. 

42-44 

11.77 

4.71 

1.57 

0.410 

0.137 

11.4 

<« 

45HCT 

11.52 

4.55 

1.52 

0.366 

0.122 

12.4 

it 

48 

11.57 

6.74 

6.74 

0.289 

0.289 

23.7 

600  gm.  meat. 

49 

11.39 

2.59 

2.59 

0.201 

0.201 

12.9 

Fasting. 

50-51 

11.48 

12.02 

6.01 

0.730 

0.365 

16.5 

300  gm.  meat  daily. 

52-53 

11.34 

20.69 

10.35 

1.026 

0.513 

20.1 

600    "        " 

a 

54* 

12.02 

600    "        " 

tt 

55-56 

12.11 

21.25 

10.63 

1.178 

0.589 

18.0 

600    "        " 

a 

57 

12.12 

12.70 

12.70 

0.734 

0.734 

17.2 

600    "        " 

tt 

58-60 

11.81 

8.44 

2.81 

0.683 

0.228 

12.3 

Fasting. 

61-63 

11.37 

7.03 

2.34 

0.540 

0.180 

13.0 

u 

64 

10.90 

2.29 

2.29 

0.138 

0.138 

16.7 

a 

65 

11.01 

13.00 

13.00 

0.484 

0.484 

26.9 

600  gm.  meat  daily. 

66 

11.10 

13.66 

13.66 

0.722 

0.722 

19.5 

600    "        " 

tt 

67 

11.16 

14.98 

14.98 

0.884 

0.884 

16.9 

600    "        " 

tt 

68-73 

11.17 

86.95 

14.49 

4.985 

0.831 

17.4 

600    "        " 

tt 

74 

11.47 

4.84 

4.84 

0.412 

0.412 

11.3 

Fasting. 

75 

11.32 

3.16 

3.16 

0.293 

0.293 

10.8 

u 

76-78 

10.99 

7.91 

2.64 

0.636 

0.212 

12.5 

it 

*  Urine  lost. 


at  various  levels  of  protein  intake  but  with  the  other  foodstuffs 
also  present  in  the  diet,  gave  ratios  averaging  from  15  to  17.  A 
protocol  of  such  an  experiment  is  given  in  Table  II.     If  a  partial 
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conservation  of  the  protein  molecule  in  cellular  catabolism  can 
be  effected  by  the  organism,  as  suggested  by  McCollum,9  this 
physiological  economy  would  not  seem  to  be  effective  in  the  case 
of  the  sulfur  fraction  of  the  molecule,  judging  from  the  results  of 
the  present  experiment.  This  conclusion  is  in  accord  with  the 
present  day  conception  of  the  indispensability  of  adequate  amounts 
of  preformed  cystine  in  the  diet,  as  recently  exemplified  by  the 
experiments  of  Osborne  and  Mendel12  on  white  rats.  Results 
obtained  in  this  laboratory1*  also  indicate  that  dogs  may  be  main- 
tained in  nitrogenous  equilibrium  on  a  low  protein  diet,  poor  in 
sulfur,  with  the  addition  of  small  amounts  of  cystine,  although 
ingestion  of  the  same  diet  without  the  addition  of  the  cystine 
results  in  a  negative  balance. 

TABLE  II. 

Dog  A.    Black  Long-Haired  Female. 


Day. 

Weight. 

Total  N. 

Total  S. 

N:S 

Diet. 

kg. 

gm. 

gm. 

1 

17.20 

4.44 

0.202 

21.9 

180  gm.  beef  heart,  30 

2 

16.95 

4.46 

0.265 

16.8 

gm.  lard,  70  gm.  su- 

3 

16.85 

4.29 

0.271 

15.8 

crose,  5  gm.  Cai(PC>4)i, 

4 

16.96 

3.92 

0.217 

18.0 

water   400    cc.   N    = 

5 

16.97 

3.99 

0.257 

15.5 

5.13  gm.,   S   -   0.344 

6 

16.97 

4.22 

0.274 

15.4 

gm. 

7 

16.91 

3.96 

0.249 

15.9 

Average.. 

4.18 

0.248 

16.9 

8 

16.94 

2.62 

0.179 

14.6 

Beef  heart  40  gm.,  su- 

9 

16.93 

2.14 

0.152 

14.1 

crose  80  gm.,   starch 

10 

16.83 

2.14 

0.105 

20.3 

40  gm.,   lard  40  gm., 

11 

16.73 

2.04 

0.150 

13.6 

Ca,(P04)i      8       gm., 

12 

16.72 

2.11 

0.127 

16.6 

water  400  cc.    N    = 

13 

16.65 

1.85 

0.115 

16.0 

1.14  gm.,   S    =   0.076 

14 

16.66 

1.97 

0.131 

15.3 

gm. 

Average.. 

2.12 

0.137 

15.4 

A  brief  consideration  of  the  relative  eliminations  of  nitrogen 
and  sulfur  on  ingestion  of  a  high  protein  diet  subsequent  to  pro- 
longed fasting  serves  to  bring  out  certain  points  of  interest.     On 

12  Osborne,  T.  B.,  and  Mendel,  L.  B.,  /.  Biol.  Chem.,  1915,  xx,  351. 

13  Unpublished  data. 
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the  40th  day  17.1  gm.  of  nitrogen  and  1.15  gm.  of  sulfur  were  fed 
in  the  form  of  600  gm.  of  beef  heart.  On  this  and  the  succeeding 
day  (fasting)  there  is  a  marked  rise  in  the  N :  S  ratio,  indicating 
a  sulfur  retention  in  the  organism  greater  than  the  nitrogen  reten- 
tion. Calculating  on  the  basis  of  the  ratio  of  the  preceding  pe- 
riod, 14.0,  the  elimination  of  13.36  gm.  of  nitrogen  on  these  2  days 
should  have  been  accompanied  by  the  elimination  of  0.945  gm. 
of  sulfur,  instead  of  0.661  gm.  as  observed.  This  may  be  inter- 
preted as  a  retention  of  0.293  gm.  of  sulfur  above  the  amount 
which  would  be  anticipated  from  the  quantity  of  nitrogen  retained. 
All  the  feeding  periods  following  fasting  show  similar  high  ratios 
with  a  like  retention  of  sulfur.  When  the  feeding  is  continued 
over  a  number  of  days,  there  results  a  gradual  diminution  of  the 
ratio  till  the  normal  ratio  is  reached  (compare  Periods  52  to 
57  and  65  to  73).  If,  however,  the  feeding  period  be  followed  by 
a  fasting  period,  the  ratios  are  lower  than  the  normal  or  fasting 
ratios,  indicating  an  excessive  elimination  of  sulfur  as  compared 
with  nitrogen  (Periods  42  to  47,  49,  58  to  64,  and  74  to  78). 

These  facts  are  capable  of  interpretation  in  two  ways.  The 
retention  of  sulfur  may  be  considered  as  due  to  a  lag  in  sulfur 
elimination,  and  the  increased  elimination  in  fasting  periods  sub- 
sequent to  high  protein  periods  as  due  to  a  completion  of  the 
lag  excretion.  But  it  seems  hardly  probable  that  this  lag  would 
extend  throughout  a  period  of  7  days  as  in  Periods  41  to  47. 
Moreover,  data  on  the  comparative  rates  of  sulfur  and  nitrogen 
elimination  in  man  and  dogs  under  various  conditions  of  diet1 
fail  to  afford  evidence  of  so  prolonged  a  lag  of  sulfur  behind  the 
nitrogen.  The  possibility  that  we  are  dealing  with  a  specific  de- 
mand for  sulfur  to  build  up  sulfur-rich  proteins,  that  is,  with  a 
definite  retention  for  anabolic  purposes,  must  also  be  considered. 
On  the  basis  of  this  assumption,  the  gradual  return  to  normal 
of  the  N :  S  ratio  on  continued  feeding  would  represent  the  re- 
building of  the  sulfur-rich  tissues,  a  restoration  of  material  lost 
during  the  starvation  period.  The  lower  ratios  of  the  fasting 
periods  subsequent  to  feeding  would  indicate  catabolism  of  this 
sulfur-rich  protein  formed  on  ingestion  of  food.  Until  more  exact 
figures  for  the  sulfur  and  nitrogen  content  of  the  various  tissues 
and  organs  are  available,  further  discussion  of  this  point  would  be 
of  little  value.     We  believe,  on  the  basis  of  unpublished  experi- 
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ments  already  referred  to1*  on  the  influence  of  feeding  small 
amounts  of  cystine  with  a  low  protein  diet,  that  this  latter  inter- 
pretation is  correct  and  that  we  are  dealing  with  a  retention  of 
sulfur  in  response  to  a  specific  demand  by  the  organism  and  not 
with  a  lag  in  the  excretion. 


i. 


PHYSIOLOGY  OF  THE  PHENOLS.* 

By  HARRY  DUBIN. 

(From  the  Department  of  Physiological  Chemistry  and  the  John  Herr  Musser 

Department  of  Research  Medicine,  University  of 

Pennsylvania,  Philadelphia. ) 

(Received  for  publication,  June  1,  1916.) 
INTRODUCTION. 

The  work  of  Baumann,  Brieger,  Salkowski,  and  others  has 
seemingly  solved  the  problem  of  the  origin  of  phenols  in  urine. 
It  is  clear  that  the  urinary  phenols  arise  from  intestinal  putrefac- 
tion, and  that  they  are  derived  from  the  tyrosine  portion  of  the 
protein  molecule.  However,  with  the  exception  of  the  work  of 
Folin,1  little  has  been  done — due  probably  to  the  lack  of  a  suit- 
able method — to  determine  (1)  the  extent  to  which  phenols  may 
be  formed  under  both  normal  and  pathological  conditions,  and 
(2)  the  relationship  between  the  free  and  conjugated  phenols.  It 
was  with  these  objects  in  view  that  the  present  work  was  under- 
taken. 

HISTORICAL. 

The  literature  has  to  a  certain  extent  been  reviewed  by  Folin,1  so  that 
it  will  be  necessary  only  to  record  the  results  of  some  recent  investigations. 

The  elimination  of  phenols  is  increased  by  absorption  from  wounds  and 
abscesses.  * 

The  relative  ability  of  the  various  organs  to  dispose  of  phenol  is  as 
follows:  liver,  kidney,  muscle,  brain,  and  blood;  i.e.,  the  liver  has  the 
greatest  capacity  for  conjugating  phenols,  while  the  blood  has  the  least. 
Only  the  epithelia  of  the  intestinal  tract  give  results  comparable  to  those 
obtained  with  the  liver.8  The  conjugating  function  of  the  liver  is  not  much 
impaired  by  disease.3 

*  Dissertation  for  the  degree  of  Ph.D.,  University  of  Pennsylvania, 
1916. 

1  Folin,  O.,  and  Denis,  W.,  J.  Biol.  Chem.,  1915,  xxii,  309. 

1  Hammarsten,  O.,  Physiological  Chemistry,  New  York,  1911,  689. 

3  Herter,  C.  A.,  and  Wakeman,  A.  J.,  J.  Exp.  Med.,  1899,  iv,  307. 
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On  starving,  the  phenols,  after  an  initial  fall,  increase  considerably.4 
Mi)  Her*  reported  the  case  of  a  man  who  showed  an  increase  of  155  mg.  of 
phenol  on  the  9th  day  of  starvation.  This  was  held  to  be  due  to  putre- 
faction of  intestinal  secretions.  If,  while  an  animal  is  starving,  phlor- 
hizin  be  given,  there  is  an  increase  in  the  output  of  phenols,  but  not  until 
sugar  makes  its  appearance.6  It  is  the  increased  protein  breakdown, 
rather  than  intestinal  putrefaction,  that  accounts,  under  these  circum- 
stances, for  the  increase  in  the  elimination  of  phenols.  Lewin*  observed 
in  rabbits  an  increase  from  6.91  mg.  of  phenol  to  16.35  mg.  of  phenol  per 
day,  on  giving  0.8  gm.  of  phlorhizin  subcutaneously.  In  man  there  was 
an  increase  of  two  or  three  times  the  original  amount  of  phenol  upon 
administering  0.25  gm.  of  phlorhizin  per  os  or  subcutaneously. 

It  is  well  known  that  if  a  measured  amount  of  phenol  be  ingested  it 
cannot  be  recovered  quantitatively  in  the  urine,  and  it  is  believed  that 
the  missing  fraction  is  burned.  Tauber7  fed  phenol  to  a  dog  and  found 
that  as  the  dose  was  decreased,  the  amount  of  phenol  oxidized  increased. 
Thus,  he  found  no  phenol  in  the  fore-period,  either  in  the  urine  or  in  the 
feces.  On  feeding  0.24  gm.  of  phenol  in  water  per  os,  he  found  110  mg.  of 
phenol  in  the  urine,  and  only  9  mg.  in  the  feces.  In  other  words,  about 
53  per  cent  of  the  ingested  phenol  was  oxidized  in  the  body  through  oxalic 
acid  to  carbon  dioxide.  Heffter*  states  that  after  feeding  phenol,  there  is 
an  increase  in  phenolsulfuric  acid  but  not  in  free  phenol.  On  the  other 
hand,  Reale9  reports  that  poisoning  with  large  amounts  of  phenol  results 
in  the  preBence  of  free,  as  well  as  combined,  phenol  in  the  urine. 

Jonescu10  found  that  after  feeding  p-cresol  to  dogs,  kept  on  a  diet  of 
horse  meat,  only  about  25  per  cent  of  the  amount  ingested  is  eliminated, 
and  that  the  elimination  is  complete  in  24  hours.  Taking  an  average  of 
nine  persons,  Siegfried  and  Zimmerman11  showed  that  of  the  total  phenols 
eliminated,  58.1  per  cent  is  p-cresol,  and  41.9  per  cent  is  phenol.  They12 
found  also  that  p-cresol,  fed  to  dogs,  is  largely  changed  to  phenol.  Thus, 
on  feeding  0.5  gm.  of  p-cresol  with  0.5  gm.  of  sodium  bicarbonate  on  4 
successive  days,  32  per  cent  of  the  total  amount  fed  was  recovered  in  the 
urine.     Similarly,  on  feeding  0.8  gm.  of  p-cresol,  48  per  cent  was  recovered. 

The  occurrence  of  the  phenols  in  the  urine  upon  disinfection  of  the 
intestine  is  shown  in  an  experiment  carried  out  by  Baumann."    A  dog 

4  Herter,  C.  A.,  Chemical  Pathology,  Philadelphia,  1902,  425. 
8  Muller,  F.,  Berl.  klin.  Woch.,  1887,  xxiv,  405,  436. 

6  Lewin,  C,  Beitr.  chem.  Phys.  u.  Path.,  1902,  i,  472. 

7  Tauber,  E.,  Z.  physiol.  Chem.,  1878-79,  ii,  366. 

8  Heffter,  A.,  Ergebn.  Physiol.,  1905,  iv,  242. 

9  Reale,  E.,  Abstr.,  Centr.  klin.  Med.,  1891,  xii,  487,  quoted  from  Jahresber. 
Tierchem.,  1891,  xxi,  401  (orig.,  Gaz.  clin.,  1890,  i,  2). 

10  Jonescu,  D.,  Biochem.  Z.,  1906,  i,  399. 

11  Siegfried,  M.,  and  Zimmerman,  R.,  Biochem.  Z.,  1911,  xxxiv,  471. 

12  Siegfried  and  Zimmerman,  Biochem.  Z.,  1912,  xlvi,  210. 
11  Baumann,  E.,  Z.  physiol.  Chem.,  1886,  x,  123. 
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receiving  only  water  for  2  days  was  given  2  gm.  of  calomel  on  the  2nd 
day.  As  on  the  4th  day  ethereal  sulfates  were  still  present  in  the  urine, 
2  gm.  of  calomel  were  again  given.  The  urine  of  the  2  following  days  was 
free  of  ethereal  sulfates,  and  gave  no  test  for  phenol  or  indole.  On  the 
6th  day,  the  dog  received  5  gm.  of  tyrosine,  but  no  formation  of  ethereal 
sulfates  resulted;  neither  was  there  an  increase  of  hydroxy  acids. 

Wohlgemuth14  fed  8  gm.  of  tyrosine  to  a  rabbit  and  was  able  to  recover 
a  little  less  than  2  gm.  of  it.  Dakin"  reports  no  increase  of  phenolic  sub- 
stances after  giving  tyrosine  or  phenylalanine.  After  feeding  tyrosine  to 
cats,  he  recovered  by  crystallization  from  the  urine  very  small  amounts 
of  tyrosine.  He  found  also  that  with  smaller  doses  no  unchanged  tyrosine 
could  be  recovered  in  the  urine.  Brieger16  could  find  no  tyrosine  in  the 
feces  or  urine  after  giving  20  gm.  of  tyrosine  to  a  man  weighing  about  50 
kilos.  He  did,  however,  find  an  increase  in  the  phenols,  and  although  the 
patient  was  constipated  for  2  days  after  taking  the  tyrosine,  Brieger  held 
that  the  increase  in  phenols  could  not  be  due  to  constipation  alone. 
Brieger's  figures  follow: 

Day.  Phenol. 

gm. 

1 0.0159 

2 0.0225 

3 0.0223 

4 0.0182 

20  gm.  of  tyrosine  ingested  in  two  portions. 

5 0.0493 

6 0.1576 

7 0.0851 

8 0.0609 

9 .' 0.0348 

Results  obtained  with  animals  and  with  man  have  led  Folin1  to  con- 
clude that  the  excretion  of  total  phenol  products  in  the  urine  appears  to 
be  much  greater  than  is  indicated  by  the  phenol  figures  previously  re- 
corded in  the  literature.  He  shows  further  that  the  phenols  are  not 
quantitatively  converted  into  conjugated  phenols,  so  that  the  detoxica- 
tion  process  involved  in  such  conjugations  appears  to  furnish  only  a  partial 
protection  against  the  toxic  effect  of  the  phenol  products  formed  by  putre- 
faction in  the  intestinal  tract.  Finally-,  the  total  phenol  excretion  tends 
to  vary  directly,  but  not  proportionally,  with  the  protein  intake. 

Some  of  the  work  described  in  this  summary  has  been  confirmed  by  our 
findings,  while  some  has  not.     The  value  of  our  figures  lies  in  the  fact  that 


14  Wohlgemuth,  J.,  Ber.  chem.  Ges.,  1905,  xxxviii,  2064. 

»  Dakin,  H.  D.,  J.  Biol.  Chem.,  1910-11,  viii,  28. 

"  Brieger,  L.,  Z.  physiol.  Chem.,  1878-79,  ii,  241;  1879,  iii,  134. 
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they  have  been  obtained  by  a  more  accurate  method,  that  of  Folin,17  which 
permitted  not  only  a  definite  quantitative  determination,  but  also  the 
study  of  the  relationship  between  the  free  and  the  conjugated  phenols. 

Methods. 

For  phenols,  free  and  conjugated,  the  technique  of  Folin17  was 
used,  bearing  in  mind  the  following  precautions:  (a)  In  determin- 
ing total  phenols,  a  few  glass  beads  should  be  used  to  prevent  the 
liquid  in  the  test-tube  from  over-boiling,  during  the  heating  just 
prior  to  placing  the  tube  in  the  boiling  water  bath,  (b)  The  phos- 
photungstic  phosphomolybdic  acid  reagent  is  prepared  by  boiling 
the  various  chemicals  with  750  cc.  of  water  instead  of  75  cc,  the 
amount  stated  in  Folin's  description,  which  was  an  error,  (c)  The 
stock  phenol  solution  from  which  the  standard  is  prepared 
holds  its  strength  for  a  long  period  of  time,  whereas  the  standard 
phenol  solution  itself  deteriorates,  and  should  therefore  be  pre- 
pared freshly  every  4  or  5  days,  (d)  The  color  obtained  with  the 
standard  solution  is  not  absolutely  blue,  but  has  a  greenish  tinge. 
This  defect  is  remedied  by  filtration,  without  in  any  way  affecting 
the  colorimeter  reading.  Therefore,  after  standing  the  required 
20  minutes,  the  standard  is  filtered  through  inexpensive  coarse 
filter  paper,18  and  the  colorimeter  readings  are  made  at  once. 

With  these  precautions  we  have  found  the  method  accurate, 
rapid,  and  easy  of  application. 

EXPERIMENTAL. 

In  this  investigation  an  effort  has  been  made  to  determine  the 
behavior  of  the  animal  body,  with  respect  to  the  formation  and 
elimination  of  phenols,  under  both  normal  and  pathological  con- 
ditions. Dogs  were  chosen  as  being  best  suited  for  the  work. 
After  a  period  of  normal  observation,  the  animals  were  operated 
upon,19  and  the  desired  pathological  conditions  produced.  All 
operations  were  done  under  ether  anesthesia.  In  all,  eight  opera- 
tions were  performed,  two  each  of:  (1)  Eck  fistula;  {2)  intestinal 
obstruction)  (S)  exclusion  of  bile  from  the  intestinal  tract)  (4)  exclu- 

17  Folin  and  Denis,  J .  Biol.  Chem.,  1915,  xxii,  305. 

18  Arthur  H.  Thomas  Co.,  No.  27756,  125  mm. 

*•  For  the  operative  work,  I  am  indebted  to  Dr.  Max  Minor  Peet,  of 
the  Department  of  Surgical  Research. 
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sion  of  pancreatic  juice  from  the  intestinal  tract.    The  technique 
employed  in  each  operation  was  as  follows: 

1.  Eck  Fistula. — An  artificial  anastomosis  between  the  portal 
vein  and  the  inferior  vena  cava,  with  ligation  of  the  portal  vein 
at  the  hilus  of  the  liver,  was  made  according  to  the  technique  de- 
scribed by  Peet.20 

2.  Intestinal  Obstruction. — Almost  complete  obstruction  of  the 
ileum  was  obtained  about  6  inches  from  the  ileocecal  valve  by 
detaching  from  the  external  sheath  of  the  rectus  a  strip  about  £ 
inch  wide  and  1  inch  long,  passing  it  through  the  mesenteric  at- 
tachment around  the  gut,  overlapping,  and  suturing  the  two  ends 
of  the  fascia  firmly  together. 

8.  Exclusion  of  Bile  from  the  Intestinal  Tract. — The  common  bile 
duct  was  tied  in  three  places,  cut  between  the  ligatures,  and  part 
of  the  omentum  sewed  in  between  the  cut  ends  to  prevent  a  pos- 
sible reunion. 

4.  Exclusion  of  Pancreatic  Juice  from  the  Intestinal  Tract. — In 
one  animal  two  ducts  were  found,  while  in  another,  three  ducts 
were  present.  Each  duct  was  divided  between  ligatures  and  part 
of  the  omentum  interposed  between  the  cut  ends,  for  the  reason 
just  mentioned. 

Plan  of  Investigation. 

The  general  plan  of  the  investigation  was  to  study  the  daily  out- 
put of  urinary  and  fecal  phenols  in  dogs  under  the  conditions  out- 
lined. The  elimination  of  phenols,  under  the  influence  of  fasting, 
catharsis,  and  phlorhizin,  was  also  studied.  Inasmuch  as  only 
minimal  amounts  of  phenol  were  found  in  the  feces — amounts 
that  could  have  no  bearing  on  the  final  results — these  determina- 
tions were  dispensed  with. 

The  dogs,  kept  in  metabolism  cages,  were  fed  on  a  standard  diet, 
calorifically  sufficient,  and  containing  about  1  gm.  of  nitrogen  per 
kilo  so  as  to  make  certain  of  an  excess  of  food  in  the  intestine. 
This  diet  consisted  of  meat,  lard,  bread  crumbs,  sugar,  salt,  and 
sufficient  bone  ash  to  insure  a  well  formed  stool.  The  food  was 
mixed  with  400  cc.  of  water,  and  enough  additional  water  was 
given  separately  to  bring  the  total  daily  intake  up  to  about  600 
cc.     The  animals  were  placed  on  this  diet  3  or  4  days  before  the 

10  Peet,  M.  M.,  Ann.  Surg.,  1914,  lx,  601. 
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beginning  of  an  experiment.  Female  dogs  only  were  used,  the 
urine  being  collected  by  catheter  every  morning  at  the  same  hour 
and  diluted  to  1,000  cc.  For  a  time  the  volume  of  urine  excreted 
was  noted,  but  this  was  later  omitted  for  the  reason  that  no  par- 
ticular relationship  was  seen  between  the  volume  of  urine  and  the 
amount  of  phenols  eliminated,  except  as  noted  in  Table  I.  The 
body  weight  was  recorded  daily  immediately  after  catheteriza- 
tion. Tyrosine  was  administered  per  os,  either  suspended  in 
water  or  mixed  with  the  food.  Phenol  (Merck  reagent)  and  p-cresol 
(Kahlbaum)  were  given  per  os  in  water. 

TABLE  I. 

Eck  Fistula.    Dog  15-68. 
Influence  of  Water  and  Eck  Fistula  on  Phenol  Excretion. 


•s 

Total 

»«*. 
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Dm*. 
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Total. 
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mi 

«. 
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kf. 

Oct.  19 

600 

8.0 

0.168 

1)   1M 

87 

13 

12.4 

"    at 

'IK 

9.7 

0.165 

0.192 

86 

14 

13.4! 

"     21 

695 

6.1 

0.163 

0.188 

87 

13 

12.5 

"      22 

111 

8.7 

0.16S 

0.190 

87 

13 

12.7 

"      23 

745 

10.4 

0.163 

0.188 

87 

13 

12.6 

"      24 

550 

9.9 

0.161 

0.186 

87 

13 

12.5 

"     25 

415 

0.9 

0.178 

0  203 

BS 

16 

12.7 

Water  intake  reduced  to 

300  cc. 

"     26 

405 

9.8 

0.177 

0.206 

86 

14 

13  7 

"     27 

345 

9.9 

0.173 

0.203 

86 

15 

12.8 

"      28 

450 

9.9 

0.174 

0.203 

86 

14 

12.9 

"      29 

450 

9.9 

0.172 

0  201 

86 

14 

12.9 

"     30 

440 

9  8 

0.172 

0.203 

85 

15 

13.0 

"     31 

456 

9.9 

0.170 

0  200 

86 

15 

13.0 

Nov.  10 

Eck  fistula. 

"     " 

400 

10.2 
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0  203 

99 

8 

12.7 
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"      12 
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9.9 

0  18G 

0.904 

93 

a 

12.6 

"      13 
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hi  :t 
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e  -m 

92 

8 
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"      14 
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0  209 
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6 

13.1 

"      15 
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10.7 
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"      16 

.371 

10  -, 
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0.911 

91 

a 

13.1 

"     17 

IS! 

10.6 

0  200 

0  213 

94!    6 

13.0 
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Eck  Fistula. 

Experiment  A-l. — Dog  15-58  (Table  I).  This  experiment 
showed  several  interesting  points.  The  output  of  phenols  from 
day  to  day  was  quite  constant,  as  was  also  the  case  in  all  of  our 
subsequent  work.  Withdrawing  water  caused  a  drop  in  the  vol- 
ume of  urine  with  a  consequent  rise  in  the  output  of  phenols. 
However,  it  was  seen  that  where  the  urine  varied  normally  from 
day  to  day,  there  was  little  or  no  effect  upon  the  phenols.  After 
Eck  fistula,  the  free  phenols  represented  from  92  to  96  per  cent 
of  the  total,  the  amount  of  the  latter  being  practically  unchanged. 
On  Nov.  17,  because  of  the  presence  of  blood  in  the  urine,  the 
dog  was  placed  on  a  kennel  diet. 

Experiment  A-2. — Dog  15-58  (Table  II).  2  weeks  later,  on 
Dec.  1,  the  regular  diet  was  resumed,  the  experiment  being  started 
Dec.  6.  For  some  reason,  which  we  have  been  unable  to  explain 
— unless  it  is  that  the  food  is  digested  more  rapidly — the  absolute 
amount  of  total  phenols  was  decreased  in  the  second  period,  but 
the  free  phenols  still  represented  from  96  to  98  per  cent  of  the 
total.  1  gm.  of  phenol  was  fed  per  os  with  the  result  that  68.7 
per  cent  of  the  amount  ingested  was  eliminated.  Both  free  and 
conjugated  phenols  were  increased.  The  free  phenols  represented 
only  40  per  cent  of  the  total,  indicating  that  the  large  dose  of 
phenol  had  called  forth,  to  an  increased  extent,  the  protective 
mechanism  of  the  body.  A  second  feeding  gave  similar  results. 
Feeding  1  gm.  of  p-cresol  resulted  in  the  elimination  of  50.6  per 
cent  of  the  amount  given.  Here  also  both  free  and  conjugated 
phenols  were  increased.  The  free  phenols  represented  only  31 
per  cent  of  the  total.  Repetition  of  this  feeding  gave  somewhat 
similar  results.  In  this  experiment  and  in  all  subsequent  ones,  it 
was  noted  that  the  phenol  and  p-cresol  administered  were  elimi- 
nated entirely  within  24  hours. 

The  results  obtained  on  feeding  tyrosine  have  a  peculiar  inter- 
est. For  example,  Dog  15-58  (Table  II),  receiving  400  gm.  of 
meat — equivalent  to  3.20  gm.  of  tyrosine,21  or  1.65  gm.  of  phenol 
— eliminated  daily  a  total  of  only  0.159  gm.  of  phenol.  How- 
ever, on  feeding  5  gm.  of  tyrosine — equivalent  to  2.57  gm.  of 
phenol — there  was  a  rise  in  both  free  and  total  phenols,  while  the 

11  Folin  and  Denis,  /.  Biol.  Chem.,  1912,  xii,  246. 
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TABLE  II. 
Eek  Fistula.     Dog  1SS8. 
e  of  Phenol,  p-Cresol,  and  Tyrosine  on  Phenol  Excretion  after 
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Total 

N. 
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Wefcht 
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&1 

Komulu. 
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mi 
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3 

13.9 

Cage  water  resumed. 

7 
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97 

3 

13.9 

8 

9.1 

0.334 

0.836 

(0.787)* 
(78.7%) 

40 

60 

14  0 

1.000  gm.  phenol  given 
in  water  per  os. 

9 

9.1 

0.152 

0.156 

97 

3 

"       10 

9.1 

0.153 

0.157 

97 

3 

14.2 

"       11 

9.2 

0  222 

0.617 

(0  360) 
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41 

69 

14.2 

0.500  gm.  phenol  given 
in  water  per  os. 

"       12 

9.3 

0.154 

0.159 

97 

3 

14.2 

"       13 

9.5 

0.156 

0.159 

i-s 

2 

14.4 

"       14 

9.6 

o  m 

0  600 

(0.441) 

(50.6%] 

32 

68 

14.5 

1.000  gm.  ;i-cresol  (0.870 
gm.  phenol)  given  In 
water  per  on. 

"       15 

9.4 

0.154 

0.159 

37 

3 

14.5 

"        16 

9.5 

0  174 

0  oil 
(0  381) 

(43.8%) 

31 

66 

14.5 

p-Cresol  fed  as  on  Dee. 
14. 

"       17 

9.7 

0.154 

0.157 
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2 

14.5 

"       IS 

10.3 

0.430 

0  603 

(0  446) 
(17.7%) 

70 

» 

14  7 

5.000  gm.  tyrosine  (2.570 
gm.  phenol)  given  in 
water  per  os. 

"       19 

9  6 

0.152 

0.156 

67 

8 

14.7 

'The  figures  In  the  first  parenthesis  represent  "extra"  phenols  elimi- 
nated; those  in  the  second  parenthesis  denote  the  output  of  "extra"  phenols 
in  terms  of  percentage  of  the  amount  ingested. 


"extra"  phenol  eliminated  was  only  0.446  gm.,  or  17.7  per  cent,  of 
the  amount  ingested.  In  other  words — and  it  was  to  be  expected — 
tyrosine,  as  present  in  meat,  did  not  give  rise  to  as  much  phenol 
as  did  free  tyrosine.  Similarly,  phenol,  administered  as  tyro- 
sine or  p-cresol,  did  not  give  rise  to  as  much  phenol  as  did  native 


Harry  Dubin 


77 


phenol.  It  was  observed  that  tyrosine,  like  phenol  and  p-cresol, 
is  eliminated  entirely  within  24  hours.  A  greater  conjugation 
was  also  seen,  though  not  as  large  as  that  produced  by  phenol  and 
p-cresol.  A  slight  rise  in  the  nitrogen  elimination  was  also  noted. 
At  no  time  was  it  possible  to  demonstrate  unchanged  tyrosine, 
either  in  the  urine  or  the  feces. 

Experiment  AS.— Dog  15-58  (Table  III).     1  gm.  of  phlor- 
izin rubbed  up  in  10  cc.  of  olive  oil  was  injected  subcutaneously 
table  in. 
Bck  Fistula.     Dog  1SS8. 
Influence  of  Phlorhizin,  Fatting,  and  Caikarsis  on  Phenol  Excretion  after 
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■H1 

Remuka. 

Free. 

Total. 

i 

-yr 

mi 

#•>. 

m. 

,- 

: . 

.':; 

k, 

Dec.  19 

9.6 

0.152 

0.156 

!>: 

3 

14.7 

"      20 

13.1 

0  203 

0,877 

73 

37 

11  S 

1  gm.  phlorhhin. 

"      21 

15.5 

OUT 

0.881 

77 

33 

14.7 

1      " 

"      22 

13.0 

0  171 

0.310 

82 

18 

14.4 

Sugar  in  urina  Dee.  20-23, 

"      23 

9.9 

0.154 

0.159 

97 

3 

14.3 

Animal  placed  on  kennel 
diet  till  Dec.  31,  when 
regular  diet  was  resumed. 

Jan.    5 

10. 2 

0.150 

0.158 

95 

5 

14.7 

6 

5.2 

0  077 

0  111 

70 

30 

14.9 

Animal  fasting;  500  re.  of 
water  given  in  cage. 

7 

4.8 

0  008 

0.001 

74 

26 

14.4 

8 

4.4 

0.068 

0.092 

74 

26 

13.9 

9 

4.0 

0.068 

0.091 

75 

25 

13.0 

"      10 

3.6 

0.067 

0  090 

Tl 

M 

13.4 

"      11 

3.5 

0  066 

0  091 

::: 

27 

13.2 

"       12 

3  gm.  calomel  given;  cage 
urine  contaminated;  blad- 
der urine  contained  phe- 
nols. 

"       13 

3.4 

0  066 

0  083 

74 

2G 

12.9 

"       14 

3.3 

0.066  0.091 

73 

27 

12.7 

3  gm.  calomel  given. 

"      25 

3.0 

0  065   0.0B9 

74 

26 

11  5 

Animal  etill  fasting. 
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on  2  successive  days.    The  result  was  an  increase  in  both  total 
and  free  phenols,  the  latter  representing  73  per  cent  of  the  total. 
Sugar  appeared  in  the  urine,  just  as  it  did  later,  under  similar  ci- 
table IV. 
Eek  Fistula.     Dog  16-56. 
Influence  of  Phenol,  p-Cresol,  and  Tyrotine  on  Phenol  Excretion  before  and 
after  Eck  Fistula. 


"Phenols. 

Date. 

a 

Fna. 

Total. 

1 

UH 



m 

m. 

££> 

."•; 

tr. 

May    9 

10.3 

0.176 

0.235 

75 

25 

12.3 

"       10 

9.6 

O.SBB 

0  782 

(0.647) 
(54.7%) 

49 

11 

12.4 

1.001)  pn.  phenol  given 
in  water  per  os. 

"       11 

10.1 

0.179 

0.241 

74 

26 

12.4 

"       12 

10.3 

0  430 

0.606 
(0.366) 

(14.8%) 

72 

18 

12.5 

5.000  gm.  tyrosine  (2.57 
gm.  phono!)  mixed 
with  food. 

"      13 

10.2 

0.176 

0.233 

75 

25 

12.6 

'•       14 

10.2 

0  210 

0.666 
(0  323) 

(37.1%) 

38 

a 

12.5 

1.000  gm.  p-cresol  (0.870 
gm.  phenol)  givon  in 

"      15 

Euk  fistula;  poat-oper- 
ative  condition  good. 

"      16 

10. 1 

0  208 

0360 

88 

17 

11.9 

"       17 

10.2 

0  177 

0.208 

86 

11 

12.1 

"       18 

10.3 

0  384 

0.566 

69 

11 

12.3 

Tyroaine  fed  as  on  Mav 
12. 

(0.347) 

(13.6%) 

"       19 

10.1 

0.860 

0  815 
(0  607) 

(60.7%) 

II 

17 

12.5 

Phenol  fed  aa  on  May 
10. 

cumstances,  in  a  normal  dog.  This  is  in  accord  with  the  observa- 
tions of  Sweet  and  Ringer,"  who  found  that  upon  giving  phlor- 
hizin  to  a  dog  with  Eck  fistula,  a  glycosuria  resulted  quite  com- 
parable to  that  occurring  in  a  normal  dog. 


"  Sweet,  J.  E.,  and  Ringer,  A.  I„  J.  Biol.  Chem., 


,  135. 
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In  fasting,  as  was  to  be  expected,  there  was  a  diminution  in 
both  total  and  free  phenols,  the  latter  amounting  to  74  per  cent 
of  the  total.  A  greater  ability  to  conjugate  was  shown,  but  no 
initial  fall  and  subsequent  rise  in  the  phenol  excretion  as  described 
by  Herter*  and  Miiller6  was  noted.  Neither  was  it  possible,  by 
giving  calomel,  to  rid  the  urine  entirely  of  phenols.  In  this  con- 
nection, it  is  interesting  to  recall  that  Baumann,"  owing  perhaps 
to  the  inadequacy  of  the  prevailing  methods,  could  get  no  test 
for  phenols  after  administering  calomel  to  a  fasting  dog. 

Experiment  G—  Dog  16-56  (Table  IV).  The  results  of  this 
experiment  are  in  accord  with  those  obtained  in  the  previous  Eck 
fistula  dog.  After  the  operation  there  was  a  tendency  for  the 
total  phenol  elimination  to  decrease,  due  perhaps  to  a  more  rapid 
rate  of  digestion.  The  influence  of  tyrosine  before  and  after  the 
operation  is  about  the  same — if  anything,  for  the  reason  just 
mentioned,  less  total  phenols  are  obtained  from  the  same  amount 
of  tyrosine  after  the  operation  than  before. 


Influence  of  Tyrosine,  Phenol,  and  p-Cresol  on  Phenol  Excretion  in 

Normal  Dogs. 

Experiments  K  and M—  Dogs  15-74  and  16-20  (Table  V).     In 
general  the  findings  here  corroborated  those  of  Experiment  G. 

TABLE  V. 

Normal  Dog  tS-74. 


Influence 

of  Tyroti 

i«  on  Phenol  Excretion. 

Phenol«. 

Total 

Ww»ht. 

ftcmvki. 

Free. 

Tottl. 

1 

ms 

,„, 

m. 

I* 

,,. , 

kt. 

Nov.  21 

12.1 

0.187 

0.217 

8ft 

14 

14.3 

"      22 

7.4 

o  is? 

0.217 

«l 

U 

14.4 

-      23 

12  1 

0.147 

0.610 
(0  393) 

C».  3%) 

73 

87 

14,4 

5.000  gin.  tyrosine  (2.570 
gin.  phenol!  given  in 
water  per  o.i. 

"      24 

12.8 

0.187 

0.217 

et 

H 

14.7 

"      35 

13.2 

0.189 

0.217 

87 

13 

14.8 

Physiology  of  Phenols 

TABLE  \~ -Conclutei. 

Dog  16-tO. 
j  of  Phenol  and  p-Cresol  on  Phenol  Excretion. 


Total 

Phcuolfl. 

Weight 

Remu-ka. 

PlH. 

Total. 

i 

J"  5 

me 

m. 



,„. 

'sl 

£, 

t. 

Feb.  20 

10  5 

0.158 

0.192 

83 

17 

11.1 

"      21 

6.3 

0.164 

0.195 

84 

18 

11.3 

"      22 

10.7 

0.167 

0.196 

85 

15 

11.1 

"      23 

10  5 

0.169 

0.196 

86 

14 

11. 1 

"       24 

10.2 

0.166 

0.192 

86 

14 

11.1 

"       25 

8.9 

O.lftL 

0.647 
(0  466) 

(B2  3%) 

41 

M 

11.2 

I.OOOgm.  p-creeol  (0.870 
gin.  phenol)  given  in 

"      20 

10.1 

0.157 

0.192 

82 

is 

11.3 

10  2 

0.417 

0  666 
(0  694) 

(69.4%) 

47 

53 

11.4 

1,000  gm.  phenol  given 
in  water  per  os. 

Exclusion  of  Pancreatic  Juice  from  the  Intestinal  Tract. 

Experiment  B-l.—Dog  15-63  (Table  VI).  The  normal  figures 
recorded  here  are  in  accord  with  those  of  Tables  II  and  V. 

Experiment  B-S.—Dog  15-63  (Table  VII).  This  experiment 
corroborates  fully  Experiment  A-3  (Table  III).  While  the  re- 
sults in  the  latter  experiment  were  observed  in  a  dog  with  Eck 
fistula,  those  of  the  present  experiment  were  noted  in  a  normal 
dog. 

Experiment  BS—  Dog  15-63  (Table  VIII).  Several  differences 
were  noted  between  the  results  of  this  experiment  and  those  of 
Experiment  B-2  (Table  VI).  After  the  operation,  the  total 
amount  of  phenols  eliminated  was  increased,  resulting  in  a  greater 
conjugation.  On  administering  tyrosine,  a  greater  percentage 
was  eliminated  as  phenols.  Undoubtedly  this  was  due  to  the 
fact  that  the  absence  of  pancreatic  juice  from  the  intestinal  tract 
retarded  the  processes  of  digestion.  The  administration  of  phe- 
nol and  of  B-cresol  resulted  in  a  lessened  elimination;  i.e.,  with 
phenol,  there  was  a  drop  from  75.8  per  cent  to  51.1  per  cent  of 
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TABLE  VI. 
Exclusion  of  Pancreatic  Juic 
Influence   of  Phenol,   p-Cretol,   and  Tyrotint 
Operation. 


Dog  15-63. 
on  Phenol  Excretion  befor, 


Total 
N. 

Phraoli. 

w*». 

BMft 

Pres. 

Total. 

1 

n 

ReoMrka. 

,„, 

,„ 

«. 

em. 

«£i 

per 

if. 

Dec.    Q 

12.7 

0.169 

0.223 

85 

15 

15.1 

7 

12.6 

0.192 

0.222 

88 

14 

15.1 

8 

13.1 

0.448 

0.980 
(0  768) 

(76.8%) 

46 

55 

16.2 

1.000  gm.  phenol  given 
in  water  per  o». 

9 

12.9 

0.195 

0.228 

86 

14 

"      10 

15.1 

0.195 

0.226 

86 

14 

15.3 

"      11 

12.9 

0.411 

0  911 
(0.718) 

(71.8%) 

44 

98 

15.4 

Phenol  fed  a«  nn  Dec. 
8. 

"       12 

13.0 

0.195 

0.228 

86 

14 

15.2 

"      13 

13.9 

0.195 

0.224 

87 

13 

15.5 

"       14 

14.2 

0.816 

0.661 

(0.487) 
(49.8%) 

33 

67 

15.5 

1.000  gm.  p-creaol  (0.870 

gm  phenol)  given  in 
water  per  on. 

"      15 

14.1 

0.195 

0.225 

87 

13 

15.5 

"      16 

14.2 

B  218 

0.606 
(0.381) 

(43.8%) 

sa 

64 

15.4 

Cresol  Ted  lis  on  Dec.  14. 

"       17 

13.5 

0.195 

0.223 

87 

13 

15.6 

"      18 

14.5 

0,456 

0  626 
(0  402) 

(16.6%) 

73 

27 

15.6 

5.000  gin.  tyrosine  (2.57 
gm.  phenol)  given  in 
water  per  o*. 

"      19 

13.3 

0.192 

0.222 

87 

13 

15.7 
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TABLE  vn. 
Exclusion  of  Pancreatic  Juice. 
Influence  of  Phlorhisin,  Fatting,  and  Catharsis 
Operation. 


i  Phenol  Excretion  before 


Phono!.. 

Total 

N. 

W««ht. 

DM. 

TliVfi'li 

Free. 

Total. 

J 

Ulf 

•», 

m. 

,-. 

Zu 

z* 

*». 

Dec.  19 

13.3 

0.192 

0.222 

87 

13 

16.7 

"      20 

14.8 

0.300 

0  268 

TO 

26 

16.8 

1  gra.  phlornizin. 

"      21 

IE. 5 

o.su 

0.278 

76 

24 

15.7 

1   "            " 

'«      22 

14.5 

0.102 

0.232 

83 

17 

15.6 

Sugar  in  urine  Dec.  20-23, 
inclusive. 

Animal  placed  on  kennel 
diet  till  Dec.  31,  when 
regular  diet  was  re- 
sumed . 

ISM 

Jan.    5 

13.4 

0.188 

0.224 

84 

16 

16.0 

6 

4.8 

0.090 

0.130 

70 

30 

16.0 

Animal  fasting;  500  Be.  of 
water  given  in  cage. 

"       7 

3.  a 

0.0S1 

0.107 

76 

24 

15.7 

8 

3.6 

0.080 

o.ioe 

76 

24 

16.4 

9 

3.2 

0.080 

0.106 

76 

■2\ 

15.2 

"       10 

3.1 

0.079 

0.106 

76 

L'"j 

14.9 

"      11 

3.3 

0.081 

0.107 

76 

24 

14.6 

"      12 

3  gm.  calomel  given;  cage 
urine  contain!  nated;  b  lad- 
der urine  contained  pbe- 

"      13 

3.1 

0  080 

1)  10C 

76 

24 

14. S 

"      14 

3.0 

0.081 

0.106 

76 

24 

14.1 

3  gm.  calomel  given. 

"      26 

11.1 

0  184 

0  M 

sa 

17 

15.2 

Animal  on  regular  diet 
since  Jan.  15. 
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TABLE  VIII. 


Exclusion  of  Pancreatic  Juice.     Dog  15-63. 

Influence  of  Phenol,  p-Creiol,  and  Tyrosine  on  Phenol  Excretion  after 

Operation. 


Total 
N. 

Phenols. 

w, 

Dal*. 

I1 

Roa*ibi. 

Free. 

Total 

$ 

IHf 

1* 

,-. 

pm 

£5 

£a 

if. 

Jan.  26 

11.1 

0.184 

0  223 

83 

17 

15.2 

"      28 

Pancreatic  ducts  cut; 
dog    in    good    condi- 

Feb.    6 

9.4 

0  200 

0.289 

69 

81 

15.5 

7 

10.0 

0.903 

0  293 

89 

31 

15.4 

8 

9.7 

0.202 

0.288 

71 

29 

15.3 

9 

9.9 

0.660 

0  845 

(0  559) 
(21.7%) 

78 

22 

15.4 

5.000  Km.  tyrosine  (2.57 
gm.  phenol)  mixed 
with  food. 

"      10 

9.5 

0.202 

0.289 

70 

30 

15.3 

"      11 

9.5 

0.200 

0.293 

68 

32 

15.5 

"       12 

10.1 

0.379 

0.632 

(0.339) 
(38.9%) 

44 

66 

15.5 

1.000  gm.  p-cresol  (0.870 
gm.  phenol)  given  in 
water  per  on. 

"       13 

8.7 

0.203 

0.289 

70 

n 

15.3 

"       14 

8.5 

0  423 

0.800 

(0.611) 
(61.1%) 

53 

47 

15.3 

1.000  gm.  phenol  given 
in  water  per  os. 

"      15 

8.6 

0.200 

0.286 

7( 

as 

15  2 

the  amount  fed;  with  p-cresol,  there  was  a  drop  from  49.2  per 
cent  to  38.9  per  cent  of  the  amount  given.  With  both  substances 
there  is,  however,  an  increased  conjugation  because  of  the  in- 
creased formation  of  phenols. 

Experiment  H—  Dog  1&-55  (Table  IX).  The  results  of  this 
experiment  need  no  further  comment  since  they  corroborate  the 
previous  findings  as  recorded  in  Tables  VI  and  VIII. 
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Exclusion  of  Pancreatic  Juice.    Dog  1SS6. 

of  Phenol,  p-Cresol,  and  Tyrosine  on  Phenol  Excretion  befor 
after  Section  of  Pancreatic  Ducts. 


Total 

Pbwak. 

ttocht 

Data. 

£1 
■Is 

Remarks 

Pnw. 

ToUl. 

| 

m 

m. 

m. 

(M. 

k,. 

May    9 

9.5 

0.151 

0.200 

75 

25 

11.6 

"       10 

9.8 

0.417 

0.847 

(0.647) 
(64.7%) 

49 

61 

11.6 

1.000  gm,  phenol  given 
in  water  per  <w. 

"       11 

9.6 

0.156 

0.204 

76 

24 

11.7 

■'       12 

9.6 

o  2oe 

0  694 
(0  390) 

(44.8%) 

U 

65 

11. 8 

1.000  gm.  cresol  (0.870 
gm.  phenol)  given  in 
water  per  ox. 

"      13 

9.7 

0.153 

0.200 

76 

24 

11.8 

"      14 

9.8 

0.440 

0  626 

(0  426i 
(16.6%) 

70 

SO 

11.8 

5.000  gm.  tyrosine  (2.570 
gm.  phenol]  mixed 
with  food. 

15 

Pancreatic  ducts  cut; 
clog  in  poor  condition. 

"      16 

9.6 

0.1TB 

0  260 

70 

so 

11.3 

i,      17 

9.4 

0.173 

0  266 

66 

as 

11. 0 

"    io 

Animal  chloroformed. 

Intestinal  Obstruction. 

Experiment  C— Dog  16-6  (Table  X).  The  results  obtained 
before  the  operation  are  in  accord  with  those  found  in  normal 
dogs.  After  the  operation,  it  is  worthy  of  note  that  although  the 
animal  ate  practically  nothing,  the  formation  and  elimination  of 
phenols  rose  to  a  high  level,  the  free  phenols  representing  only  56 
per  cent  of  the  total.  In  other  words,  the  conjugation,  due  to 
the  larger  amounts  of  phenols  present,  was  increased  just  as 
though  a  dose  of  phenol  had  been  ingested.  It  was  noted  also 
that  on  giving  phenol  after  the  operation,  only  51  per  cent  was 
eliminated,  while  before  the  operation  the  output  was  64  per 
cent.  This  is  explained  on  the  ground  that  digestion  is  markedly 
retarded.     In  this  respect  the  results  were  somewhat  similar  to 
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Intestinal  Obstruction.     Dog  18-6. 
of  Phenol,  p-Cresol,  and  Tyrosine  on  Phenol  Excretion  before  and   ' 
after  Intestinal  Obstruction. 


Total 
N. 

Pbenoli. 

tt^ht 

dm*. 

I1 

Renurka. 

Vm. 

Tottl. 

( 

o 

ItH 

m. 

rm. 

m. 

.':::, 

;.Z 

*»- 

Feb.  23 

9.6 

0.1TB 

0.227 

77 

33 

10.9 

"      24 

9.5 

0.171 

0.222 

77 

23 

11.1 

"      25 

9.7 

0.199 

0.648 

0  326, 
(87.4%) 

36 

04 

11.1 

1.000  gm.  p-crenol  (0.870 
gm.  phenol)  given  in 
water  per  os. 

"      26 

9.6 

0.173 

0.221 

78 

32 

11.2 

"      27 

9.5 

0.400 

0  863 

(0.041) 
(04-1%) 

40 

64 

11.1 

1.000  gm.  phenol  given 

"      28 

9.7 

0.174 

0.221 

70 

21 

11.3 

"      29 

9.8 

0*29 

0  606 

(0.384) 
(16.0%) 

71 

39 

11.4 

5.000  gm.  tyrosine  (2.57 
gin.  phenol)  mixed 
with  food. 

Mar.     1 

9.9 

0.173 

0.219 

?: 

21 

11.3 

9 

Intestine  obstructed. 

"      10 

Urine  contaminated. 

"      11 

23 

9.8 

0.863 

0.477 

06 

45 

Dog  defecated  hard 
stool  for  first  time 
since  operation. 

"      24 

7.2 

0.946 

0.443 

00 

U 

9.6 

Ate  only  part  of  diet. 

"      25 

6.4 

0.338 

0.403 

06 

42 

9.2 

No  food  given  Dec.  25 
and  Dec.  26. 

"      26 

4.9 

0.600 

0.914 

(0.611) 
(61.1%) 

00 

46 

B.B 

1.000  gni.  phenol  given 
in  water  ■per  os. 

those  obtained  before  and  after  the  exclusion  of  pancreatic  juice 
from  the  intestinal  tract.  On  March  27,  when  the  animal  was 
chloroformed,  the  intestine  was  found  to  be  dilated  to  about  100 
times  the  normal  capacity  for  about  3  feet  above  the  obstruction; 
this  dilatation  continued  in  a  lesser  degree  up  to  the  jejunum. 
The  jejunum  and  duodenum  were  normal.  It  would  appear 
that  almost  complete  obstruction  had  been  obtained. 
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Experiment  F—  Dog  15-63  (Table  XI).  The  findings  in  this 
experiment  were  not  as  marked  as  those  in  Experiment  C,  due 
perhaps  to  the  fact  that  the  amount  of  obstruction  secured  in 
this  case  was  not  as  great  as  in  Dog  16-6.  However,  there  was  a 
definite  rise  in  the  formation  and  elimination  of  phenols,  though 
nothing  unusual  was  to  be  noted  as  a  result  of  the  combination 
of  pancreatic  insufficiency  and  intestinal  obstruction.  Appar- 
ently the  increased  phenol  formation  was  not  sufficient  to  cause 
an  increase  in  the  conjugation,  the  free  phenols  representing 
almost  the  same  per  cent  of  the  total  both  before  and  after  the 
operation. 

TABLE  XI. 

Dog  lS-eS. 

Influence  of  Intestinal  Obstruction,  Combined  with   Pancreatic  iTisufficiency, 

on  Phenol  Excretion, 


Tote] 

Plicnoli. 

wt 

IW 

l! 

tlttlMltn 

Fns. 

Total. 

| 

- 

1M 

,„. 

m. 

em. 

£ 

£ 

k,. 

Apr.    8 

12.7 

0.190 

0.270 

70 

30 

13.9 

9 

12.9 

0.200 

0.263 

76 

24 

14.2 

"      10 

13.2 

o  W 

0  860 
(0  597) 

(69.7%) 

68 

48 

14.2 

1.000  gm.  phenol  given 
in  water  per  os. 

•'      11 

12.9 

0.S67 

0.688 
(0  326) 

(37  3%) 

Gl 

IS 

14,3 

1.000  gm.  p-cresol  (0.870 
gm.  phenol)  given  in 
water  per  os. 

"      12 

12.8 

0.187 

0.257 

72 

28 

14.3 

■'      13 

12.7 

0.19S 

0.283 

74 

28 

14.3 

"      17 

Intestine  obstructed. 

"       19 

7.5 

0  227 

0.316 

71 

89 

13.7 

Dog  did  not  eat. 

"      20 

6.S 

0  E43 

0.870 
(0  664) 

(66.4%) 

63 

87 

13.5 

"      "      "      "       1.000 
gm.   phenol   given   in 
water  per  os. 
No  lard  in  diet  begin- 
ning Apr.  22. 

May    3 

10.9 

0  223 

0.307 

78 

28 

13.7 

4 

11.4 

0  565 

0  865 

(0  648) 
(54.8%) 

BO 

S6 

13.8 

Phenol  fed  ae  on  Apr, 
20. 

5 

11.3 

0  227 

0  316 

78 

86 

137 
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Exclusion  of  Bile  from  the  Intestinal  Tract. 

Experiment  D—  Dog  16-39  (Table XII).  The  Bgures obtained 
before  the  operation  are  similar  to  those  in  a  normal  dog.  After 
the  operation,  however,  a  striking  difference  was  noted.     Although 


Exclusion  of  Bile.    Dog  16S9. 
Influence  of  Phenol,  p-Cretol,  and  Tyrosine  on  Phenol  Excretion  befori 
afler  Operation. 


Total 

N. 

Fhenoln. 

WBfchl 

Data. 

Tim, 

Total. 

j 

41 
gt 

Hemvlu. 

G 

tiM 

„ 

fM 

tm. 

ver 

':: 

kf. 

Mar.  27 

13.6 

0.161 

0  215 

75 

26 

19.6 

"      28 

13.8 

0.366 

0  768 
(0  643) 

(64.3%) 

H 

63 

19.9 

1.000  rid.  phenol  given 
in  water  per  os. 

"      20 

13.7 

0.167 

0.217 

76 

24 

20.3 

"      30 

13.9 

OUT 

0  613 
(0  396) 

(14.8%) 

73 

38 

20.5 

5.000  gm.  tyrosine  (2.570 
gm.*  phenol)  mixed 
with  food. 

"      31 

13.9 

0.189 

0  690 
(0  373) 

(43.8%) 

32 

08 

20.7 

1.000  gin,  p-cresol  (0.870 
gm.  phenol)  given  in 

Apr.     | 

Bite  duct  cut;  dog  in 
good  condition. 

2 

10  0 

0  167 

0  20B 

SO 

30 

20. a 

Bile  in  urine;  little  food 

"        3 

10.7 

0.830 

0  643 
(0  434) 

(43.4%) 

52 

U 

20.6 

Phenol  fed  na  on  Mar. 
28;  dog  ate  very  little; 
bile  in  urine. 

7 

Dog  gave  birth. 

May    4 

5.8 

0  338 

0.391 

82 

18 

11.8 

Animal  markedly  jaun- 
diced. 

5 

6.4 

0  291 

0  613 
(0  232) 

(36.6%) 

&7 

43 

11.5 

Cresol  fed  as  on  Mar.  31. 

6 

6.G 

0.363 

0  329 

80 

20 

11.4 

9 

8.7 

0.089 

0  839 
(0  510) 
(19.8%) 

76 

26 

Tyrosine  fed  as  on  Mar. 

30. 

88 
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there  was  an  increase  in  the  formation  and  elimination  of  phenols, 
the  free  phenols  represented  80  per  cent  of  the  total,  as  against  75  per 
cent  before  the  operation.  In  all  other  experiments,  an  increase  in 
the  phenol  formation  was  accompanied  by  a  decrease  in  the  output 
of  free  phenols,  figured  as  per  cent  of  total,  while  in  this  experiment 
and  in  the  following  one  the  reverse  was  the  case.  Of  the  ingested 
phenol  and  p-cresol,  43.3  per  cent  of  the  former  and  25.5,  per  cent 
of  the  latter  were  eliminated  after  the  operation  as  against  54.3 
and  42.8  per  cent,  respectively,  before.  Feeding  tyrosine  caused 
an  increased  conjugation,  the  free  phenols  dropping  from  75  to  72 
per  cent  before  the  operation,  and  from  80  to  75  per  cent  after. 
It  was  observed,  however,  that  only  14.8  per  cent  of  the  ingested 

TABLE  XIII. 

Exclusion  of  Bile.     Dog  16-tf. 

Influence  of  Phenol,  p-Cresol,  and  Tyrosine  on  Phenol  Excretion  before  and 

after  Operation. 


Total 
N. 

PWk. 

W*«ht. 

Date. 

f™. 

Total. 

J 

- 

Renwla. 

Oil 

„„ 

„. 

*.. 

£5 

£i 

■». 

Apr.    S 

11.3 

0.151 

0.191 

79 

21 

9.6 

9 

11.1 

0.152 

0.186 

82 

18 

9.7 

"      10 

II  J 

0.477 

0.782 

(0.5961 
(69.6%) 

81 

39 

9.7 

1. 000  gm.  phenol  given 
in  water  per  os. 

"      11 

11.2 

0  347 

0.668 
(0  388) 

(43.8%) 

61 

89 

9.7 

1.000  urn.  ereaol  (0.S70 
gm.  phenol)  given  in 
water  per  os. 

"      12 

11.1 

0.147 

0.182 

81 

19 

9.8 

"      13 

9.0 

0.440 

0.696 
(0  314) 

(12  2%) 

74 

26 

9.9 

5.000  gm.  tyrosine  (2.57 
gm.  phenol)  given  in 
water  per  o». 

"      14 

Bile  duct  cut;  animal 
in  poor  condition. 

"      15 

5.6 

D  098 

0.128 

80 

20 

8.9 

No  food  eaten;  bile  in 

"      16 

5.2 

0.066 

0,120 

80 

90 

8.9 

Mo  food  eaten;  bile  in 

"      17 

Animal  chloroformed. 
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tyrosine  was  eliminated  before  the  operation  as  against  19.8  per 
cent  after.  This  was  similar  to  the  result  obtained  with  tyrosine 
after  excluding  the  pancreatic  juice,  and,  as  in  the  latter  case, 
may  be  explained  on  the  basis  of  delayed  digestion. 

Experiment  E.—Dog  16-41  (Table  XIII).  The  results  of  this 
experiment  were  not  as  clean  cut  as  they  might  be,  for  the  animal 
refused  to  eat  and  was  rather  sick.  On  autopsy  the  bile  duct, 
up  to  the  point  tied,  was  greatly  enlarged. 

DISCUSSION. 

The  formation  of  phenolsulfuric  acids  is  one  example  of  the 
ability  of  the  body  to  convert  poisonous  substances  into  harmless 
compounds.  It  is,  however,  an  open  question  as  to  whether  this 
power  of  the  body  is  sufficient  for  all  purposes.  Since  the  time  of 
Baumann  it  has  been  believed  that  phenols  were  quantitatively 
converted  into  harmless  phenol  esters;  hence  phenols  were  esti- 
mated on  the  basis  of  conjugated  sulfates,  whereas  our  figures 
corroborate  the  statement  made  by  Folin1  that  the  greater  part  of 
the  phenols  are  excreted  unconjugated. 

It  has  been  thought  that  the  free  phenols  are  harmful  to  the 
body,  and  this  must  be  due  primarily  to  an  increase  of  total 
phenols,  with  its  accompanying  increase  of  free  phenols.  For 
example,  it  is  seen  in  normal  cases  that  the  absolute  amount  of 
free  phenols  represents  from  75  to  85  per  cent  of  the  total.  On  the 
other  hand,  where  there  is  a  rise  in  total  phenols,  whether  due  to 
ingested  phenols  or  to  some  pathological  condition,  the  free  phe- 
nols, although  increased  absolutely,  represent  from  30  to  70  per 
cent  of  the  total.  In  other  words,  the  absolute  amount  of  free 
phenols  should  be  taken  into  consideration  together  with  the  per- 
centage in  considering  their  deleterious  influence. 

With  one  exception,  an  increase  in  the  formation  of  phenols, 
whether  normal  or  pathological,  resulted  in  an  increased  conjuga- 
tion, though  the  reverse  might  have  been  expected.  It  would 
appear  that  the  protective  mechanism  of  the  body  responded  to 
the  greater  stimulus.  The  exception  noted  was  in  the  case  where 
bile  was  excluded  from  the  intestinal  tract.  Here  there  was  an 
increased  phenol  formation  accompanied  by  a  decreased  conju- 
gation. It  would  seem,  therefore,  that  the  bile  plays  some  part 
in  assisting  the  liver  in  its  conjugating  function. 
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There  is  a  greater  conjugation  after  feeding  p-cresol  than  after 
giving  phenol.  In  view  of  the  fact  that  p-cresol  makes  up  the 
larger  part  of  the  urinary  phenols,  it  seems  plausible  to  assume 
that  when  it  is  introduced  into  the  body  it  is  more  easily  conju- 
gated. Hence  on  feeding  this  substance  the  elimination  of  free 
phenols  rises  only  very  little. 

The  high  percentage  of  free  phenols  prevailing  after  Eck  fistula 
was  to  be  expected,  inasmuch  as  the  liver,  which  is  the  main  seat 
of  conjugation,  has  been  cut  out  of  the  circulation.  In  spite  of 
this,  upon  the  ingestion  of  phenol  there  is  an  increased  conjuga- 
tion, showing  that  other  organs,  when  necessary,  can  take  up  the 
work  of  the  liver  in  this  respect. 

Lewin6  held  that  the  increased  protein  breakdown  accounted 
for  the  increased  phenol  formation  when  phlorhizin  was  given. 
While  it  is  true  that  phlorhizin  causes  a  protein  breakdown,  it  is 
highly  improbable  that  this  is  the  reason  for  an  increased  phenol 
production.  Regarding  the  fate  of  phlorhizin  in  the  body,  it  has 
been  shown23  that  when  injected,  part  of  it  is  eliminated  as  a 
combined  glucoronic  acid  while  another  part  apparently  under- 
goes further  change;  also,  unchanged  phlorhizin  can  be  found  for 
some  time  in  the  blood  and  tissues.  In  view  of  all  this,  when  it 
is  considered  that  phlorhizin  contains  two  benzene  radicals,  and 
that  benzene  when  fed1  gives  rise  to  phenol,  it  seems  likely  that  it 
is  the  phlorhizin  per  se  which  is  converted  into  phenol. 

The  results  obtained  show,  among  other  things,  that  gastro- 
intestinal disturbances,  in  which  it  is  reasonable  to  assume  that 
there  is  an' increase  in  the  formation  of  phenol,  and  also  certain 
liver  diseases,  where  it  is  supposed  that  the  mechanism  for  the 
detoxication  of  phenols  has  been  impaired,  offer  a  field  for  inves- 
tigation, for,  as  Folin1  points  out,  and  as  this  work  proves,  the 
phenols  can  be  taken  as  an  index  of  intestinal  putrefaction. 

SUMMARY. 

The  results  of  this  investigation,  in  addition  to  confirming  the 
findings  of  Folin,1  bring  to  light  some  interesting  observations. 

A.  1.  The  elimination  of  phenols  from  day  to  day  is  quite 
constant. 

"  VonFUrth,  O.,  Chemistry  of  Metabolism,  Philadelphia,  1916,  280. 
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2.  Withdrawing  water  from  the  diet  causes  an  increased  phenol 
elimination. 

3.  After  Eck  fistula,  the  free  phenols  represent  as  high  as  97 
per  cent  of  the  total,  the  latter,  as  also  the  former,  exhibiting  a 
tendency  to  decrease. 

4.  After  intestinal  obstruction,  there  is  an  increase  in  both  free 
and  total  phenols,  the  former  constituting  as  low  as  55  per  cent  of 
the  latter. 

5.  In  pancreatic  insufficiency,  there  is  an  increase  in  both  free 
and  total  phenols  with  an  accompanying  decrease  in  the  percent- 
age of  free  phenols. 

6.  After  excluding  the  bile,  both  free  and  total  phenols  increase, 
but  with  an  increase  in  the  percentage  of  free  phenols. 

B.  1.  The  feeding  of  phenol  and  p-cresol  results  normally,  with 
but  slight  variations,  in  the  elimination  of  about  65  per  cent  and 
^0  per  cent  respectively. 

2.  After  Eck  fistula,  about  the  same  excretion  is  noted. 

3.  After  intestinal  obstruction,  pancreatic  insufficiency,  and  ex- 
clusion of  bile,  there  is  in  both  cases  a  drop  in  the  amount  excreted. 

C.  1.  The  feeding  of  tyrosine  results  normally  in  an  excretion 
of  about  14  per  cent,  as  phenols. 

2.  After  Eck  fistula,  practically  the  same  amount  is  eliminated. 

3.  After  exclusion  of  bile  and  pancreatic  juice,  about  20  per 
cent  of  ingested  tyrosine  is  eliminated. 

D.  Feeding  of  any  of  the  three  substances  causes  an  increase  in 
the  conjugation  at  all  times — p-cresol  to  a  greater  degree  than 
phenol,  and  the  latter  to  a  greater  extent  than  tyrosine. 

E.  Tyrosine,  phenol,  and  p-cresol,  fed  in  amounts  of  5  gm.,  1 
gm.,  and  1  gm.  respectively,  were  all  eliminated  within  24  hours. 

F.  No  unchanged  tyrosine  could  be  demonstrated  in  the  urine 
or  feces. 

G.  Fasting  reduces  the  phenols  to  a  low  level;  the  injection  of 
phlorhizin  during  fasting  causes  an  increase  in  the  output  of 
phenols. 

H.  It  is  impossible  to  free  the  urine  entirely  of  phenols  by  the 
use  of  calomel. 

I.  The  bile  appears  to  have  some  influence  on  the  conjugating 
function  of  the  liver. 

J.  The  phenols  can  be  taken  as  an  index  of  intestinal  putre- 
faction. 


THE  INFLUENCE  OF  INGESTED  CARBOHYDRATE,  PRO- 
TEIN, AND  FAT  ON  THE  BLOOD  SUGAR  IN 
PHLORHIZIN  DIABETES. 

By  FRANK  A.  CSONKA. 
(From  the  Laboratory  of  Dr.  J.  P.  McKelvy,  Pittsburgh.) 

(Received  for  publication,  June  14,  1916.) 
INTRODUCTION. 

By  introducing  glucose  solution  into  a  normal  animal,  an  in- 
crease in  blood  sugar  occurs  which  lasts  but  a  short  time  and  the 
normal  level  for  blood  sugar  is  then  reestablished.  The  destina- 
tion of  the  absorbed  sugar  is  not  yet  known.  The  possibilities 
are  that,  after  passing  through  the  intermediary  stages  of  metabo- 
lism it  is  burned;  or  it  is  distributed  in  the  body  as  glucose;  or  is 
converted  into  glycogen  and  deposited  in  the  tissues;  or  is  eventu- 
ally converted  into  fat.  In  the  phlorhizinized  dog  the  above 
mentioned  possibilities  are  limited  to  the  temporary  deposition 
of  glucose  or  glycogen  since  the  ingested  glucose  reappears  prac- 
tically quantitatively  in  the  urine.  On  studying  the  velocity  of 
the  elimination  of  the  " extra  glucose,"  it  was  found  that  of  16 
gm.  of  glucose  ingested,  94  per  cent  was  excreted  in  the  urine 
during  the  first  5  hours,  and  that  the  maximum  amount  appeared 
during  the  2nd  and  3rd  hours.1  The  endogenous  glucose  derived 
from  glycine  and  alanine  was  eliminated  almost  as  rapidly  as  the 
isoglucogenic  quantity  of  exogenous  glucose. 

The  purpose  of  this  paper  is  to  show  the  influence  of  ingested 
carbohydrate,  protein,  and  fat  on  the  blood  sugar  in  phlorhizi- 
nized animals;  the  blood  sugar  being  determined  in  hourly  peri- 
ods to  compare  the  rate  of  absorption  of  glucose,  both  of  exoge- 
nous and  of  endogenous  origin,  to  the  rate  of  elimination  deter- 
mined by  means  of  "extra  glucose"  mentioned  above. 

1  Csonka,  F.  A.,  J.  Biol.  Chem.,  1915,  xx,  539. 
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Method. 

Dogs  were  used  in  these  experiments.  After  2  days  of  fasting, 
the  dogs  were  given  daily  injections  for  4  days  of  1.2  gm.  of  phlor- 
hizin suspended  in  10  cc.  of  olive  oil.  The  glucose  solution  was 
introduced  through  a  stomach  tube;  the  other  foods  were  eaten 
by  the  dog,  the  time  required  being  less  than  2  minutes.  The 
50  gm.  of  gelatin  were  dissolved  in  200  cc.  of  warm  water,  mixed 
with  2  gm.  of  Liebig's  extract,  cooled,  and  given  in  the  solid  form. 
The  blood  was  taken  from  the  ear  veins.  The  blood  sugar  was 
determined  immediately  after  the  blood  was  cooled  to  room  tem- 
perature, according  to  the  Lewis-Benedict  method.2  The  ligation 
of  the  kidneys  was  performed  through  an  abdominal  incision,  un- 
der ether  anesthesia;8  both  the  renal  vessels  and  the  ureter  were 
included  in  the  ligature.  At  the  conclusion  of  the  experiments, 
the  dogs  were  killed;  the  liver  was  removed,  weighed,  ground,  and 
100  gm.  were  taken  for  glycogen,  determined  after  the  method  of 
Pfluger.4  The  muscles  of  the  hind  legs  were  removed  and  pre- 
pared for  the  determination  of  glycogen,  using  100  gm.  of  the 
ground  muscle. 

EXPERIMENTAL  PART. 

Fisher  and  Wishart6  found  that  50  gm.  of  glucose  given  per  os 
to  dogs  were  absorbed  in  4  hours;  the  blood  showed  only  a  slight 
increase  in  blood  sugar,  and  after  2  hours  the  excess  had  entirely 
disappeared.  The  increase  of  glycogen  content  of  the  liver  was 
not  found  until  absorption  was  complete;  i.e.,  in  4  hours. 

My  intention  was  to  repeat  the  experiment,  thinking  that  by 
using  the  phlorhizinized  dog,  in  which  there  is  a  very  low  glycogen 
content  in  the  tissue,  the  glucose  absorbed  during  the  4  hours 
might  be  detected  in  the  muscle  in  the  form  of  glycogen.  But 
after  a  preliminary  experiment  and  a  subsequent  one,  in  which 
the  kidneys  were  ligated  for  the  purpose  of  giving  greater  oppor- 

I  Lewis,  R.  C,  and  Benedict,  S.  R.,  J.  Biol.  Chem.}  1915,  xx,  61. 

I I  desire  to  thank  Drs.  C.  C.  Guthrie  and  C.  C.  Hartman  for  their 
kindness  in  performing  this  operation  on  the  dogs. 

4  Pfluger,  E.,  Abderhalden' s  Handb.  biochem.  Arbeilsmethoden,  .1910,  ii, 
1070. 

•Fisher,  G.,  and  Wishart,  M.  B.,  /.  Biol.  Chem.,  1912-13,  xiii,  49. 
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tunity  for  deposition  of  the  absorbed  glucose,  the  anticipated  re- 
sults were  not  found.  The  proposed  experiment  was  therefore 
abandoned. 

Table  I  shows  the  glycogen  content  of  the  liver  and  muscle 
after  50  gm.  of  glucose  in  150  cc.  of  water  were  given. 


TABLE  I. 

a 

Dog. 

H7_i      Li 

Glycogen  of 

a» 

Weight 

s 

Date. 

Liver. 

Muscle. 

Remarks. 

K 

liver. 

No. 

Weight. 

Total. 

kg. 

gm. 

gm. 

per  cent 

per  cent 

1 

Apr.  27, 1915 

22 

13.7 

390 

0.039 

0.010 

0.242 

Dog  phlorhizinized 
9  days;  killed  2\ 
hrs.  after  feeding. 

2 

Dec.   2,1915 

24 

10.2 

263 

0.760 

0.289 

0.330 

Dog  phlorhizinized 
6  days.  Kidneys 
ligated.  Killed  4 
hrs.  after  feeding. 

3 

Jan.  11,  1916 

26 

11.8 

313 

0.046 

0.015 

0.595 

Normal  dog;  kid- 
neys ligated;  kill- 
ed 6  hrs.  after 
feeding. 

The  amount  of  glycogen  present  in  muscle  and  liver  cannot  be 
considered  increased,  as  this  amount  falls  within  the  limits  re- 
ported for  the  phlorhizinized  dogs.6 

Table  II  shows  the  changes  of  the  blood  sugar  content  follow- 
ingthe  ligation  of  the  renal  vessels  and  ureters  and  the  subsequent 

TABLE  II. 


Before  operation 

2  hrs.  after  kidney  ligation 

4  "     ligation;  2  hrs.  after  glucose  feeding 

s»<<  <%.  It  A        il  "  "  " 

q       H  it  tt  />         n  a  u  n 


Blood 

sugar. 

A. 

Experiment 
2. 

B. 

Experiment 

3. 

per  cent 

per  cent 

0.058 

0.075 

0.151 

0.099 

0.290 

0.076 

0.246 

0.084 

0.090 

•  Lusk,  G.,  Ergebn.  Physiol.,  1912,  xii,  315. 
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ingestion  of  50  gm.  of  glucose,  (A)  in  the  phlorhizinized  dog,  and 
(B)  in  the  normal  dog. 

A  marked  hyperglycemia  is  found  in  the  phlorhizinized  dog, 
but  in  the  normal  dog  the  blood  sugar  remains  practically  at  the 
normal  level.  In  both  cases  the  stomach  contents,  showed  a  posi- 
tive glucose  reaction.  In  the  former  (A)  it  was  impossible  to 
determine  the  glucose  quantitatively  on  account  of  the  loss  of 
the  stomach  contents  by  killing.  In  the  latter  case  (B),  in  310 
cc.  of  stomach  contents,  the  glucose  amounted  to  15.92  gm. 

In  Table  III  are  collected  the  results  of  experiments  performed 
on  phlorhizinized  dogs  fed  glucose,  meat,  gelatin,  and  lard. 

TABLE  III. 


T 

Blood  sugar  (in  percentages) . 

• 

Iswg. 

<•• 

Date 

• 

Fed. 

Before 
feed- 
ing. 

After  feeding. 

« 

• 

o 

JB 

1st 
hr. 

2nd 
hr.. 

■ 

3rd 
hr. 

4th 
hr. 

i 

6th 
hr. 

8th 
hr. 

kg. 

4 

Mar. 

7 

27 

12.5 

20    gm.    glu- 
cose in  200 
cc.  water. 

0.060 

0.181 

0.192 

0.113 

0.070 

0.088 

5 

May 

1 

27* 

12.9 

50    gm.    glu- 
cose in  150 
cc.  water. 

0.066 

0.173 

0.191 

0.175 

0.204 

0.106 

0.083 

6 

June 

2 

28 

9.5 

50  gm.    gela- 
tin. 

0.061 

0.085 

0.092 

0.101 

0.081 

0.085 

0.078 

7 

Mar. 

8 

27 

12.2 

200  gm.  beef 
meat. 

0.058 

0.066 

0.088 

0.077 

0.075 

0.071 

• 

8 

May 

3 

27* 

11.3 

500  gm.  beef 
meat. 

0.069 

0.102 

0.119 

0.098 

0.097 

0.095 

0.083 

9 

a 

31 

28 

10.0 

100  gm.  lard. 

0.074 

0.075 

0.069 

0.059 

0.056 

0.058 

10 

a 

16 

30 

20.6 

143   " 

0.064 

0.074 

0.069 

0.067 

0.062 

0.053 

0.058 

*  Second  phlorhizination. 

Except  in  the  case  of  dogs  fed  lard  (which  represents  fat  in 
general)  all  show  an  increase  in  blood  sugar;  but  the  increase foU 
lowing  the  ingestion  of  20  gm.  of  glucose,  for  example,  is  greater  than 
that  following  the  ingestion  of  200  gm.  of  meat,  though  they  repre- 
sent approximately  isoglucogenic  quantities.7 


7  Compare  Janney,  N.  W.,  and  Csonka,  F.  A.,  J.  Biol.  Chem.,  1915,  xxii, 
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DISCUSSION  AND   CONCLUSION. 

Following  the  ingestion  of  20  gm.  of  glucose  the  blood  sugar 
reached  the  maximum  at  the  2nd  hour,  and  declined  to  the  origi- 
nal level  at  the  4th  hour.  In  an  earlier  experiment,1  it  was  shown 
that  of  16  gm.  of  glucose  given  to  a  phlorhizitiized  dog,  94  per 
cent  was  excreted  during  the  first  5  hours  as  "  extra  glucose." 
The  curve  of  the  blood  sugar  content  runs  parallel  with  the  curve 
of  the  "extra  glucose."  Since  the  elimination  of  ingested  glucose 
is  practically  cpmplete  and  the  curve  of  blood  sugar  runs  parallel 


0.95, 


»•'•:...-.*-..„ ....  ;;.:;:£:&«••» 


•*wr.v;;-::,  .*.. 
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Fig.  1.    The  curves  represent  the  blood  sugar  content  after  the. inges- 
tion of  carbohydrate  ( ),  protein  ( ),  and  fat  ( ).    The 

number  of  the  curve  corresponds  with  the  number  of  the  experiment. 

to  that  of  "extra  glucose,"  the  conclusion  is  reached  that  no  glu- 
cose was  deposited  between  the  periods  of  absorption  and  elimi- 
nation. The  only  difference  observed  in  the  blood  sugar  con- 
tent after  the  ingestion  of  large  quantities  of  glucose  in  a  more 
concentrated  solution  (50  gm.  of  glucose  in  150  cc.  of  water)  is 
that  the  hyperglycemia  is  maintained  for  a  longer  period  of  time 
(Fig.  1).  That  the  blood  sugar  is  increased  after  ingestion  of 
protein  is  apparent  from  the  curve  which  shows  that  the  endog- 
enous glucose  derived  from  meat  protein  and  gelatin  appears  in 
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the  blood  as  glucose — at  least,  partially  so — since  the  isoglucogenic 
quantities  of  ingested  endogenous  and  exogenous  glucose  should 
give  the  same  increase  of  blood  sugar.  The  ingestion  of  fat,  which 
does  not  produce  "extra  glucose,"  did  not  cause  any  appreciable 
increase  in  blood  sugar. 


RESEARCHES  ON  PYRIMIDINES. 
LXXK.     THE  SYNTHESIS  OF  THYMINE-4-ALDEHYDE. 

• 

By  TREAT  B.  JOHNSON  and  LEONARD  H.  CRETCHER,  Jr.* 
(From  the  Sheffield  Chemical  Laboratory,  Yale  University,  New  Haven.) 

(Received  for  publication,  June  6,  1916.) 

The  pyrimidine-nucleoside  investigations  which,  have  been 
carried  on  in  the  Sheffield  Laboratory  by  Johnson  and  his  co- 
workers have  been  confined  to  a  study  of  uracil  and  thymine 
combinations  containing  monatomic  primary  alcohol  groupings 
in  the  4-position  of  the  pyrimidine  ring.  Two  simple  represen- 
tatives have  thus  far  been  described  in  the  literature;  namely,  the 
simple  mono-nucleosides  of  uracil  and  thymine  as  represented  by 
Formulas  I  and  II  respectively.  The  corresponding  nucleoside 
of  the  aminopyrimidine  cytosine  (III)  has  not  been  prepared. 

NH-CO  NH-CO  N  -  CNH, 


CO     CH  CO     CCH,  CO      CH 

I  II  I  II  I  II 

NH  -  C .  CH,OH  NH  -  C .  CH,OH  NH  -  C .  CH,OH 

I  II  III 

The  only  method  of  synthesis  which  has  proven  feasible  thus 
far  for  the  preparation  of  pyrimidines  leading  to  nucleoside  com- 
binations of  the  above  type  is  that  involving  the  condensation  of 
thiourea  with  certain  0-ketone  esters.  Ethyl  7-ethoxyacetoace- 
tate  (IV)  is  the  simplest  representative  of  the  class  of  ketone  es- 
ters utilized  in  this  work,  and  by  interaction  with  thiourea  leads 
to  the  formation  of  the  2-thiopyrimidine  (V).  The  latter  is  easily 
converted  into  the  uracil-nucleoside  (VI),  as  has  been  shown  in  a 
previous  paper  by  Johnson  and  Chernoff.1 

*  Part  of  a  Dissertation  presented  to  the  Faculty  of  the  Graduate  School 
of  Yale  University  in  candidacy  for  the  degree  of  Doctor  of  Philosophy, 
1916. 

1  Johnson,  T.  B.,  and  Chernoff,  L.  H.,  J.  Am.  Chem.  Soc,  1914,  xxxvi, 
1742;  1913,  xxxv,  585;  J.  Biol.  Chem.,  1913,  xiv,  307. 
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C,H*0 .  CH2COCH2COOCH, 


IV 


NH-CO 

I        I 

■>CS      CH 


NH-CO 

I  I 

+  CO      CH 


NH  -  CCH2OCH, 
V 


NH  -  C .  CH,OH 
VI 


In  order  to  extend  the  application  of  our  method  and  obtain 
higher  homologues  of  these  simple  nucleosides,  or  pyrimidine 
combinations  containing  secondary  alcohol  groups,  we  have  pre- 
pared several  representatives  of  a  new  type  of  0-ketone  esters 
corresponding  to  VII.  Such  combinations  condense  normally 
with  thiourea  giving  2-thiopyrimidines  (VIII),  and  the  latter  are 
desulfurized  easily  by  digestion  with  chloroacetic  acid  with  pro- 
duction of  their  corresponding  ethers  represented  by  IX.  To  our 
surprise,  however, 

OR 


CH,CH .  CO . CH, . COOCjHs  (R  =  CH,,  C,H6,  etc.) 
/  VII 

NH-CO 


NH-CO 


NH-CO 


CS 


CH 
OR 


+  CO      CH 


+  CO 


OR 


NH-C.CH.CH, 
VIII 


NH  -  CCH .  CH, 
IX 


CH 
OH 


NH  -  CCH .  CH, 
X 


when  we  attempted  to  hydrolyze  these  ethers  (IX)  to  their  cor- 
responding alcohols  (X),  we  obtained  very  abnormal  and  unex- 
pected results.  Products  were  obtained  which  possessed  none  of 
the  properties  of  the  desired  pyrimidine  nucleosides,  and  the 
data  thus  far  obtained  lead  us  to  the  conclusion  that  pyrimidine 
combinations  of  this  type  (X)  cannot  be  made  by  this  method. 
The  experimental  evidence  supports  the  assumption  that  such 
secondary  alcohol  combinations  are  transformed  by  hydrolysis  into 
representatives  of  an  entirely  different  class  of  cyclic  compounds.2 

1  The  results  of  this  investigation  will  soon  be  published  in  a  paper  from 
this  laboratory  by  Treat  B.  Johnson  and  Sidney  E.  Hadley. 
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In  the  light  of  these  new  and  unexpected  results  it  was  there- 
fore necessary  to  direct  our  attention  to  the  preparation  of  pyri- 
midines  carrying  an  aldehyde  group  in  the  4-position  of  the  ring; 
in  other  words,  to  synthesize  the  aldehydes  of  uracil  and  thy- 
mine (XI  and  XII).  Such  combinations  should  theoretically 
interact  with  Grignard's  reagents  with  formation  of  the  desired 
pyrimidine  nucleosides  containing  secondary  alcohol  groups.  A 
transformation  of  this  character  would  be  represented  by  the  fol- 
lowing equation:8 


NH-CO 


NH-CO 


CO      CH 


NH-C.CHO 
XI 


4-  CH8Mg  I  -  CO      CH 

OMgl 

NH  -  CCH .  CH, 


H,0 


NH-CO 


CO     CH 


.OH 


NH  -  C .  CHCH, 


A  method  has  now  been  developed  whereby  such  aldehyde  com- 
binations can  be  synthesized  easily  and  in  quantity.  The  com- 
plete synthesis  of  uracil  aldehyde  (XI)  has  already  been  described 
by  the  writers4  and  in  this  paper  we  shall  give  a  description  of  the 
synthesis  and  properties  of  the  corresponding  aldehyde  of  thy- 
mine (XII)  and  also  several  of  its  derivatives. 

NH-CO 


CO      CCH, 

f         II 
NH  -  C .  CHO 

XII 

The  nearest  approach  to  an  aldehyde  synthesis  recorded  in  the  pyrimi- 
dine literature,  previous  to  the  developments  in  this  laboratory,  is  that 
involving  a  reaction  described  by  Behrend.8  He  made  the  interesting  ob- 
servation that  amidomethyluracil  (XIII)  is  transformed  very  smoothly 
into  the  oxime  of  diazouracii-4-aldehyde  (XIV)  by  the  action  of  nitrous 


*  The  investigation  of  the  behavior  of  Grignard's  reagents  towards  pyri- 
midine aldehydes  will  be  taken  up  this  coming  year. 

4  Johnson,  T.  B.,  and  Cretcher,  L.  H.,  J.  Am.  Chem.  Soc,  1915,  xxxvii, 
2144. 

4  Behrend,  R.,  Ann.  Chem.,  1888,  ccxiv,  213. 


102  Pyrimidines.     LXXIX 

acid.  This  oxime  was  isolated  in  a  crystalline  condition  and  was  charac- 
terized by  its  remarkable  stability.  On  reduction  with  stannous  chloride 
in  hydrochloric  acid  solution  it  was  transformed  into  a  compound  isomeric 
with  xanthine  (XVI).  Behrend  called  this  substance  Isoxantkim  and  sug- 
gested the  following  expression  as  a  possible  explanation  of  the  mechanism 
of  the  transformation.  The  intermediate  product — hydrazinouracil-alde- 
hyde  (XV) — was  not  isolated. 

NH-CO 

I  I 

CO      C.NH, 


NH- 

-c.c 

H, 

/ 

XIII 

/ 

NH-CO              / 

NH- 

-CO 

1           1               ' 

1 

1 

CO      C.N:  NOH  +  H20  4-  2H,  = 

=  co 

C .  NH .  NH,  4-  H20  +  NH,OH 

1          II 

1 

II 

NH  -  CCH :  NOH 

NH- 

-C.CHO 

XIV 

XV 

NH-CO 

1            1 

NH 

1 

-CO 

1 

1            1 
CO      C.NH.NH,    =    H20    + 

I          II 
NH-C.CHO 

1 
CO 

1 

NH 

1 
C-NHv 

II                   >M 

-  C  -  CH^ 

(XV) 

XVI 

The  first  pyrimidine  aldehydes  actually  isolated  were  2-thioura- 
cil-4-aldehyde  (XIX) ,  2-ethylmercapto-6-oxypyrimidine-4-alde- 
hyde  (XX),  and  uracil-4-aldehyde  (XXI),  which  were  synthesized 
by  Johnson  and  Cretcher.4  Their  method  of  introducing  the 
aldehyde  group  into  the  pyrimidine  ring  differs  from  any  which 
has  hitherto  been  employed  for  the  synthesis  of  heterocyclic  alde- 
hydes. It  is  based  on  the  observation  that  esters  of  the  type  of 
ethyl  7-diethoxyacetoacetate  (XVII)  condense  normally  with  'hi- 
ourea  giving  the  corresponding  diethylacetals  of  2-thiopyrimidine 
aldehydes.  The  ester  (XVII)  interacts,  for  example,  with  thio- 
urea forming  the  acetal  (XVIII)  which  can  be  transformed  easily 
by  hydrolysis  into  the  aldehyde  of  2-thiouracil  (XIX).  The  al- 
dehyde combinations  described  proved  to  be  extremely  reactive. 
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They  interacted  normally  with  phenylhydrazine,  and  possessed  a 
remarkable  capacity  of  adding  water,  which  could  not  be  removed 
without  heating  at  high  temperatures. 

(C,HsO),CH .  CO .  CH,COOC*H. 
/XVII 
NH  -  CO      /  NH  -  CO 


I          I      ' 
CS      CH  >     CS      CH 


NH  -  C .  CH  (OC,H»),  NH  -  C  .CHO 
XVIII  XIX 

/ 

NH-CO  NH-CO 


C,H6SC         CH  >     CO      CH 

II  II  I  II 

N  -  C.CHO  NH-C.CHO 

XX  XXI 

Dakin  and  Dudley6  have  shown  that  the  ketone  ester — ethyl 
7-diethoxyacetoacetate  (XVII) — interacts  normally  with  methyl 
iodide,  in  the  presence  of  sodium  ethylate,  giving  the  correspond- 
ing methyl  derivative  (XXIII).  We  find  that  the  same  ketone 
ester  is  easily  obtained  in  good  yield  by  application  of  a  Claisen 
condensation  with  ethyl  diethoxyacetate  and  ethyl  propionate 
(XXII).  When  this  substance  is  brought  into  alcohol  solution 
with  thiourea  and  sodium  ethylate  it  behaves  in  a  similar  manner 
as  its  lower  homologue  (XVII)  and  interacts  with  the  thiourea 
forming  the  acetal  of  2-thiothymine-4-aldehyde  (XXIV).  The 
yield  is  excellent.  This  acetal  behaves  exactly  as  its  uracil  ana- 
logue except  that  it  is  less  soluble  in  hydrochloric  acid  solution. 
It  dissolves  in  alkaline  solutions  without  decomposition  and  is 
reprecipitated  unaltered  from  such  solutions  by  the  addition  of 
acids.  When  warmed  with  acids,  both  mineral  and  organic,  it  is 
easily  hydrolyaed  with  formation  of  2-thiothymine-4-aldehyde 
(XXVII).  This  compound  crystallizes  from  dilute  hydrochloric 
acid  with  a  molecule  of  water  and  is  characterized  by  its  remark- 
able stability. 

«  Dakin,  H.  D.,  and  Dudley,  H.  W.,  /.  Chem.  Soc.,  1914,  cv,  2453. 
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The  2-thioacetal  (XXIV)  undergoes  alkylation  quantitatively 
with  ethyl  bromide  in  alcohol  solution,  and  in  the  presence  of  the 
required  amount  of  sodium  ethylate,  giving  the  mercaptopyrimi- 
dine  (XXV).  This  acetal  is  extremely  unstable  in  the  presence  of 
acids  and  is  even  hydrolyzed  by  acetic  acid,  in  the  cold,  with  forma- 
tion of  the  corresponding  mercaptopyrimidine  aldehyde  (XXVI). 
This  new  aldehyde  is  a  beautiful  crystalline  substance,  but  is  not 
so  active  a  reducing  agent  as  the  corresponding  oxygen  and  sulfur 
aldehydes.  It  does  not  reduce  Fehling's  solution  and  reduces 
silver  nitrate  in  alkaline  solution  with  difficulty. 

When  the  mercaptopyrimidine  (XXV)  is  heated  with  hydro- 
chloric acid,  not  only  the  acetal  grouping  is  affected  but  the  mer- 
capto  group  undergoes  hydrolysis  as  well,  with  liberation  of  ethyl- 
mercaptan,  and  thymine-4-aldehyde  (XXVIII)  is  formed.  It  is 
necessary,  however,  to  digest  for  a  long  time  to  remove  the  mercap- 
to  radical  completely.  During  the  course  of  this  prolonged  treat- 
ment the  aqueous  solution  is  not  discolored  but  remains  bright 
yellow,  and  no  amorphous  or  resinous  decomposition  products  are 
formed.  This  behavior  is  quite  different  from  that  observed  dur- 
ing the  hydrolysis  of  the  corresponding  mercapto-6-oxypyrimidine- 
4-aldehyde.4  Uracil  aldehyde  is  much  more  sensitive  to  the  ac- 
tion of  acids  than  thymine  aldehyde  (XXVIII).  Thymine  alde- 
hyde reduces  Fehling's  solution,  but  does  not  undergo  oxidation 
when  exposed  to  the  air,  nor  did  it  oxidize  in  hydrochloric  t  cid 
solution  when  the  latter  was  exposed  to  the  atmosphere  for  2 
weeks. 

The  tendency  to  combine  with  the  solvent  from  which  it  is 
crystallized  was  observed  in  the  case  of  thymine  aldehyde  as  well 
as  with  uracil  aldehyde.  The  thymine  derivative  crystallizes 
from  aqueous  solution  with  one  molecule  of  water  and  when  it 
separates  from  alcohol  carries  one  molecule  of  this  reagent.  Both 
forms  are  easily  dissociated  on  heating.  The  changes  described 
above  are  represented  by  the  following  formulas: 
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caov 

j>CHCOOC,H,  -f  CH,CH,COOC,H,  - 

c&cy 

XXII 

CjHsCk 

>CH .  CO .  CH  (CH,)  COOCH,  -f  C,H,OH 
CA(/  / 

XXIII 


NH-CO  NH-CO  NH-CO 


CS      CCH,    >  CH,SC        CCH,    >  C,H,SC        C .  CH, 

I       I!  I!       II  II       II 

NH-C.CH(OC,H,),  N  -  C.CH(OC,H.),  N  -  C.CHO 

XXIV\  XXV  /XXVI 

NH  -  CO  NH  -  CO        / 

II  II' 

CS      CCH,  CO      CCH, 


NH- C.CHO  NH- C.CHO 

XXVII  XXVIII 

The  normal  class  reactions,  which  are  generally  characteristic 
of  combinations  containing  the  aldehyde  group,  can  be  applied 
successfully  with  the  three  pyrimidines  XXVI,  XXVII,  and 
XXVIII.  All  combine  with  phenylhydrazine  giving  phenylhy- 
drazones  and  likewise  interact  with  hydroxylamine  forming  the 
corresponding  oximes.  The  latter  compounds  are  formed  in  good 
yield  and  should  be  of  value  for  further  synthetical  work.  THio- 
thymine-4-aldehyde  (XXVII)  and  thymine-4-aldehyde  (XXVIII) 
interact  smoothly  with  aniline  with  formation  of  their  correspond- 
ing anils.  The  aldehyde  group  in  the  pyrimidine  (XXVI)  un- 
doubtedly interacts  with  aniline  in  a  similar  manner,  but  it  was 
impossible  to  control  the  reaction,  so  that  the  corresponding  mer- 
captopyrimidine-anil  could  be  isolated.  The  mercapto  group  of 
the  pyrimidine  is  removed  at  the  same  time  with  production  of 
ethylmercaptan.  The  investigation  of  pyrimidine  aldehydes  will 
be  continued. 
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EXPERIMENTAL   PART. 

Preparation  of  Ethyldiethoxy acetate.  {CJHJO^CH .COOCiHf,. — 
This  ester  was  prepared  by  the  esterification  of  diethoxyacetic 
acid  according  to  the  method  of  Wohl  and  Lange7  and  also  from 
the  silver  salt  of  this  acid  by  boiling  an  ether  suspension  of  the 
salt  with  ethyl  iodide.  The  latter  method  gave  a  better  yield  of 
the  ester  and  a  description  of  one  experiment  will  illustrate  the 
procedure  followed.  Three  molecular  proportions  of  sodium  (56.2 
gm.)  were  dissolved  in  800  cc.  of  absolute  ethyl  alcohol.  The 
flask  containing  the  ethylate  solution  was  connected  to  a  reflux 
condenser  and  heated  on  a  water  bath.  To  this  solution  one  mole- 
cule of  dichloroacetic  acid  (105  gm.)  was  slowly  added  through  a 
dropping  funnel.  Sodium  chloride  at  once  separated  from  solu- 
tion; the  sodium  salt  of  diethoxyacetic  acid,  being  very  soluble  in 
alcohol,  remained  in  solution.  After  addition  of  all  the  dichloro- 
acetic acid  the  sodium  chloride  was  filtered  off  and  the  clear  solu- 
tion again  heated  on  the  water  bath  for  3  hours.  Sodium  chloride 
again  separated  and  the  solution  was  again  filtered.  The  com- 
bined residues  of  sodium  chloride,  when  dry,  weighed  95  gm., 
an  amount  corresponding  to  that  required  for  the  completed  reac- 
tion. The  alcohol  was  removed  under  reduced  pressure,  a  dark 
colored  pasty  mass  remaining  in  the  flask.  This  crude  sodium 
salt  was  dissolved  in  150  cc.  of  water  and  the  solution  filtered. 
The  solution  was  transferred  to  a  large  beaker,  cooled  with  ice 
water,  and  a  cold  solution  containing  145  gm.  of  silver  nitrate 
(in  200  cc.  of  water)  gradually  added.  There  was  at  once  pre- 
cipitated a  voluminous,  non-crystalline  mass  of  the  silver  salt  of 
diethoxyacetic  acid  which  was  filtered  free  from  water  by  suc- 
tion. The  filtrate  was  evaporated  to  dryness  under  reduced  pres- 
sure and  the  residue  combined  with  the  main  portion  of  the  salt. 
This  was  then  dried  in  a  vacuum  desiccator  over  concentrated 
sulfuric  acid. 

Conversion  of  the  Silver  Salt  into  Ethyldiethoxy  acetate. — The  dry 
salt  obtained  above  was  suspended  in  400  cc.  of  dry  ether  and 
145  gm.  of  ethyl  iodide  were  added  gradually  through  a  dropping 
funnel.  After  all  the  iodide  had  been  added  the  containing  flask 
was  heated  in  a  water  bath  for  4  hours.     The  solution  was  filtered 

7  Wohl,  A.,  and*  Lange,  M.,  Ber.  chem.  Ges.f  1909,  xli,  3612. 
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and  the  silver  iodide  washed  several  times  with  dry  ether.  After 
removal  of  the  ether,  the  almost  colorless  oil  was  distilled  in  vacuo. 
The  yield  was  93  gm.  of  pure  ester,  boiling  between  94  and  98° 
at  19  mm.  pressure.  This  amount  corresponds  to  65  per  cent  of 
the  theoretical. 

Ethyl  a-Methyl-y,y-diethoxyacetoacetate  (XXIII). — This  ester 
was  first  prepared  by  Dakin  and  Dudley6  by  heating  the  sodium 
salt  of  ethyl  diethoxyacetoacetate  with  methyl  iodide.  The  ester 
used  in  this  investigation  was  prepared  by  the  action  of  sodium 
on  a  mixture  of  ethyl  diethoxyacetate  and  ethyl  propionate.  The 
proportions  taken  were  as  follows:  65  gm.  of  diethoxyacetic 
ester,  110  gm.  of  ethyl  propionate,  and  24  gm.  of  sodium  wire. 
All  of  the  diethoxy  ester  and  one-half  of  the  propionic  ester  were 
mixed  in  a  flask,  connected  with  a  reflux  condenser,  and  heated  to 
about  80°.  One-half  of  the  sodium  was  then  gradually  added. 
After  about  3  hours  the  sodium  had  all  reacted  and  the  remainder 
of  the  propionic  ester  was  added,  after  which  the  remainder  of  the 
sodium  was  introduced  into  the  flask  in  small  amounts  at  a  time, 
as  before,  the  heating  being  continued  during  the  entire  process. 
After  the  last  of  the  sodium  was  added  the  temperature  of  the 
mixture  was  kept  at  80°  for  4  hours  longer  or  until  the  sodium 
had  practically  disappeared.  The  mixture  was  then  allowed  .to 
cool  and  ice  water  was  added  to  dissolve  the  sodium  salt  of  the 
0-ketone  ester.  The  solution  was  transferred  to  a  large  separa- 
tory  funnel  and  the  unaltered  esters  were  removed  by  extraction 
with  ether.  Much  ether  was  now  added  and  the  lower  aqueous 
layer  made  acid  to  litmus  with  cold  dilute  hydrochloric  acid,  and 
the  layers  separated.  After  three  extractions  with  ether  the 
water  layer  became  colorless.  The  ether  solution  was  finally 
washed  with  dilute  sodium  carbonate  solution  and  dried  for  6 
hours  over  desiccated  sodium  sulfate.  After  removal  of  the  ether 
the  ester  was  obtained  as  a  red  oil  and  was  distilled  in  a  vacuum. 
When  the  temperature  of  the  bath  was  raised  to  145-155°,  at  a 
pressure  of  17  mm.,  a  few  gm.  of  liquid  distilled  over  from  90- 
112°.  This  fraction  consisted  of  unchanged  esters  not  removed 
by  ether.  When  oil  ceased  to  come  over  the  temperature  of  the 
bath  was  raised  to  175°.  20  gm.  of  colorless  oil  now  distilled  at 
130-140°,  the  pressure  remaining  constant  at  17  mm.  With 'the 
bath  at  180°  and  the  pressure  at  18  mm.  40  gm.  more  of  the  oil 
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distilled  over  at  the  constant  temperature  of  140°.  Dakin  and 
Dudley's  product  boiled  between  110-112°  at  a  pressure  of  4  to 
6  mm.  The  total  yield  of  purified  ester  was  60  gm.,  corresponding 
to  70  per  cent  of  the  theory,  based  on  the  quantity  of  the  diethoxy- 
acetic  ester  used.  The  yield  obtained  by  Dakin  and  Dudley  was 
also  70  per  cent.    This  ester  is  colorless  and  has  a  pleasant  odor. 

0.1506  gm.  substance  gave  0.3130  gm.  C02  and  0.1160  gm.  H20. 


C. 
H. 


Calculated  for 
CiiHnOt: 

Found : 

56.60 

56.9 

8.50 

8.6 

2 -Thio -4 - diethoxymethyl -5~ methyl-6-oxypyrimidine  (XXI V) . — 
This  compound  is  easily  obtained  in  the  following  manner. 
9  gm.  of  sodium  were  dissolved  in  200  cc.  of  absolute  alcohol  and 
40  gm.  of  thiourea  dissolved  in  the  resulting  solution.  Next  51 
gm.  of  the  0-ketone  ester,  described  above,  were  added  and  the 
mixture  was  heated  on  a  water  bath  for  6  hours,  after  which  time 
it  was  transferred  to  a  casserole  and  the  alcohol  evaporated  by 
heating  on  a  steam  bath.  The  residue  was  light  yellow.  It  was 
dissolved  in  about  300  cc.  of  water,  cooled,  and  the  solution  acidi- 
fied with  acetic  acid.  On  adding  the  acid  a  colorless  oil  was  ob- 
tained which  readily  became  crystalline  when  stirred.  The  prod- 
uct was  colorless,  weighed  50  gm.,  and  partially  melted  at  about 
119°.  There  was  some  thiourea  present  and  the  melting  point 
was  not  sharp.  The  entire  amount  was  crystallized  from  hot  50 
per  cent  alcohol  from  which  it  separated  on  cooling,  in  large 
blocks  which  melted  between  119-120°.  33  gm.  of  pure  pyri- 
midine  were  thus  obtained  and  6  gm.  more  on  concentration  of 
the  mother  liquor. 

This  pyrimidine  is  slightly  soluble  in  water  and  very  soluble  in 
alcohol. 

Calculated  for  Ci0Hi«OsN2S:  N,  11.4.    Found:  N,  11.4. 

In  order  to  obtain  this  product  in  pure  form  it  is  not  necessary 
that  the  0-ketone  ester  be  isolated  and  purified  by  distillation. 
In  fact,  the  reaction  with  thiourea  was  first  brought  about  with 
the  crude  undistilled  ketone  ester.  The  method  was  as  follows: 
The  lower  boiling  esters  present  as  impurities  in  the  crude  mixture 


T.  B.  Johnson  and  L.  H.  Cretcher,  Jr.        109 

were  removed  by  heating  the  containing  flask  to  150°  in  an  oil 
bath  at  17  mm.  pressure.  After  liquid  ceased  to  distil  under 
these  conditions  the  dark  red  oil  remaining  was  condensed  with 
thiourea  under  the  exact  conditions  described  above.  In  order 
to  obtain  the  final  product  perfectly  colorless  it  is  necessary,  how- 
ever, to  make  several  recrystallizations  from  alcohol. 

2-Thio-5-rmthyl^-oxypyrimidim-4'aldehyde  (2-Thiothymine  Al- 
dehyde) (XXVII). — A  quantitative  yield  of  this  aldehyde  is  ob- 
tained by  hydrolysis  of  its  acetal  with  hydrochloric  acid.  The 
acetal  was  dissolved  in  hot  dilute  acid  (1:1)  and  the  solution 
evaporated  to  dryness  on  a  water  bath.  During  the  course  of  the 
evaporation  the  color  of  the  solution  gradually  became  bright 
yellow.  The  powder  remaining  after  the  evaporation  was  yellow 
and  melted  to  a  dark  oil  at  232°  with  effervescence.  It  is  soluble 
in  hot  water,  alcohol,  and  acetic  acid,  and  is  more  soluble  in  dilute 
hydrochloric  acid  than  in  water.  When  crystallized  from  alcohol 
the  aldehyde  is  colorless,  but  upon  being  heated  again  becomes 
yellow.  After  crystallization  from  alcohol  the  melting  point  is 
232-233°.  The  aldehyde  when  prepared  by  evaporation  to  dry- 
ness with  hydrochloric  acid  does  not  carry  water  of  crystallization. 

Calculated  for  C6H«0»N,S:  N,  16.4.    Found:  N,  16.3. 

When  allowed  to  crystallize  slowly  from  dilute  hydrochloric  acid 
the  aldehyde  contains  one  molecule  of  water  of  crystallization. 

Calculated  for  CeHeOjNjS.^O:  N,  14.8.    Found:  N,  14.6. 

This  aldehyde  reduces  an  ammoniacal  silver  nitrate  solution  but 
not  Fehling's  solution. 

Derivatives  of  2-Thiothymine-aldehyde.  Phenylhydrazone. — Thio- 
thymine  aldehyde  was  dissolved  in  hot  dilute  acetic  acid  and 
phenylhydrazine  added  to  the  solution.  The  hydrazone  separated 
at  once  as  a  yellow  crystalline  mass.  It  crystallizes  from  glacial 
acetic  acid  in  long  prismatic  needles  which  darken  around  265° 
and  melt  at  287°  with  effervescence.  The  compound  is  insoluble 
in  water  and  only  sparingly  soluble  in  alcohol. 

Oxime. — 0.6  gm.  of  sodium  hydroxide  was  dissolved  in  10  cc.  of 
water,  1  gm.  of  aldehyde  dissolved  in  the  alkaline  solution,  and . 
0.4  gm.  of  hydroxylamine  hydrochloride  was  added.    The  solution 
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was  allowed  to  stand  over  night  at  room  temperature.  The  so- 
dium salt  of  the  oxime  separated  as  a  white  powder  but  was  not 
filtered  off.  This  salt  was  converted  to  the  oxime  by  the  addi- 
tion of  just  sufficient  glacial  acetic  acid  to  give  an  acid  reaction  to 
the  solution  when  tested  with  litmus.  After  stirring  and  allow- 
ing to  stand  for  a  few  minutes  the  oxime  was  filtered  off  and  re- 
crystallized  from  glacial  acetic  acid,  from  which  it  separated  in 
hexagonal  plates  which  decomposed  at  233°.    The  yield  was  1  gm. 

Calculated  for  CeHrNjOjS:  N,  22.7.    Found:  N,  22.4. 

This  oxime  is  difficultly  soluble  in  hot  alcohol  and  glacial  acetic 
acid,  and  almost  insoluble  in  hot  water. 

Anil. — To  prepare  this  Schiff  base  1  gm.  of  the  thioaldehyde 
was  mixed  with  5  cc.  of  aniline  in  a  test-tube,  and  the  mixture 
heated  in  a  water  bath  for  several  hours.  The  aldehyde  did  not 
dissolve  in  the  hot  aniline.  The  color  of  the  reaction  mixture 
soon  became  a  bright  yellow.  Ether  was  then  added,  after  cool- 
ing, to  remove  the  excess  of  aniline,  and  the  solid  filtered  off.  The 
anil  was  obtained  as  a  yellow  compound,  insoluble  in  water  or 
alcohol,  and  difficultly  soluble  in  hot  glacial  acetic  acid,  from 
which  it  separates  in  yellow,  hexagonal  plates  which  decompose 
at  about  274°. 

Calculated  for  C„HiiON,S:  N,  17.1.    Found:  N,  17.0. 

2  -  Ethylmercapto  -4~  diethoxymethyl  -5-  methyl  -6-  oxypyrimidine 
(XXV). — 1.9  gm.  of  sodium  were  first  dissolved  in  250  cc.  of  ab- 
solute alcohol,  20  gm.  of  the  acetal  of  2-thio-4-thymine  aldehyde 
dissolved  in  the  resulting  solution,  and  15  gm.  of  ethyl  bromide 
finally  added.  The  flask  was  connected  to  a  reflux  condenser 
and  heated  on  the  water  bath  until  the  reaction  mixture  became 
neutral  to  litmus.  The  sodium  bromide  was  then  filtered  off  and 
the  alcohol  solution  concentrated  to  a  volume  of  about  25  cc. 
Water  was  then  added  when  a  colorless  oil  was  precipitated  which 
assumed  a  crystalline  form  when  stirred.  This  product  was  fil- 
tered off  and  dried  over  sulfuric  acid.  The  yield  of  pure  sub- 
stance was  22  gm.,  or  practically  theoretical.  This  compound  is 
very  soluble  in  alcohol  and  glacial  acetic  acid,  and  sparingly  soluble 
in  water.     It  was  crystallized  from  50  per  cent  alcohol  from  which 
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it  separated  in  long  needles.    The  melting  point  of  the  pure  prod- 
uct is  100°. 

Calculated  for  C»H„0,N*S:  N,  10.2.    Found:  N,  10.2. 

2-E\hylmermpto^-methylS^xypyrimidir^^ — 
This  aldehyde  was  formed  quantitatively  from  the  correspond- 
ing acetal  by  dissolving  the  acetal  in  50  per  cent  acetic  acid  and 
then  evaporating  the  solution  on  a  water  bath.  The  compound 
is  white  in  color,  slightly  soluble  in  hot  water,  and  easily  soluble  in 
alcohol  and  acetic  acid.  It  was  purified  by  crystallization  from 
alcohol  and  separated  in  long  needles  which  melted  at  186°  to  an 
oil. 

This  aldehyde  does  not  reduce  Fehling's  solution  and  reduces 
an  ammoniacal  silver  nitrate  solution  only  on  prolonged  boiling. 

Calculated  for  CsHioNtOjS:  N,  14.1.    Found:  N,  14.0. 

Derivatives  of  8-Ethylmermpto^-methyl^-oxypyrimidine-4~a>lde- 
hyde.  Phenylhydrazone. — A  small  amount  of  the  aldehyde  was  dis- 
solved in  dilute  acetic  acid  and  a  few  drops  of  phenylhydrazine. 
were  added  to  the  hot  solution.  There  was  an  immediate  pre- 
cipitation of  a  yellow  crystalline  hydrazone,  which  was  purified 
by  crystallization  from  alcohol.  It  softens  at  201°,  remaining  in 
a  semi-melted  condition  to  238°  at  which  temperature  it  decom- 
poses. The  crystals  are  needles  and  show  a  tendency  to  aggre- 
gate in  rosettes.  This  hydrazone  is  sparingly  soluble  in  water 
but  soluble  in  glacial  acetic  acid. 

Oxime. — The  procedure  followed  was  identical  to  that  de- 
scribed before  for  the  formation  of  the  oxime  of  2-thiothymine 
aldehyde.  The  yield  was  1  gm.  The  product  was  purified  by 
crystallization  from  60  per  cent  acetic  acid  and  separated  in  the 
form  of  distorted,  elongated,  prisms  which  decomposed  at  about 
235°.  The  compound  is  colorless,  insoluble  in  alcohol  and  water, 
and  very  soluble  in  glacial  acetic  acid. 

Calculated  for  C8HuO*N3S:  N,  19.2.    Found:  N,  18.9. 

Anil. — It  was  found  impossible  to  prepare  a  Schiff  base  by 
heating  this  mercapto  aldehyde  with  pure  aniline  or  with  aniline 
diluted  with  alcohol,  the  mercapto  group  being  removed  and 
ethylmercaptan  liberated  in  both  cases. 
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2,6-Dioxy^-meihylpyrimidine-4-aldehyde  (XXVIII). — A  practi- 
cally quantitative  yield  of  this  pyrrolidine  was  obtained  by  the 
hydrolysis  of  the  acetal  of  2-ethylmercapto-4-thymine  aldehyde 
with  hydrochloric  acid.  15  gm.  of  the  acetal  were  dissolved  in 
about  300  cc.  of  hydrochloric  acid  (1: 1)  and  the  solution  heated 
on  a  water  bath.  Acid  was  added  at  intervals  to  replace  that  lost 
by  evaporation  and  the  heating  continued  until  the  odor  of  mer- 
captan  was  no  longer  noticed.  The  time  required  was  about  48 
hours.  The  solution  was  then  evaporated  to  dryness,  the  residue 
being  a  white  amorphous  powder  melting  at  205°.  It  was  puri- 
fied by  crystallization  from  dilute  hydrochloric  acid  and  sepa- 
rated, after  standing  some  time,  in  the  form  of  colorless  distorted 
prismatic  needles,  arranged  in  rosettes.  This  compound  was  also 
observed  to  crystallize  in  hexagonal  plates,  from  dilute  hydro- 
chloric acid. 

Calculated  for  CeHeCNj.HjO :  N,  16.3.    Found:  N,  16.1. 

The  water  was  removed  by  heating  for  1  hour  at  110°. 

Calculated  for  C6H.O|N,.H20 :  H20,  10.5.    Found:  H,0,  10.1. 

When  crystallized  from  absolute  alcohol  this  aldehyde  separated 
with  one  molecule  of  alcohol  of  crystallization.  This  alcohol  was 
removed  by  heating  for  1  hour  at  110°. 

Calculated  for  CsHftO,N,C2H6OH:  C,H6OH,  23.0.  Found:  C,H»OH,  22.9. 

This  aldehyde  reduced  Fehling's  solution  and  an  ammoniacal 
silver  nitrate  solution.  It  is  soluble  in  glacial  acetic  acid  and 
water.    The  melting  point  is  212-213°. 

Derivatives  of  Thymine  Aldehyde.  Phenylhydrazone. — A  small 
amount  of  the  aldehyde  was  dissolved  in  dilute  acetic  acid  and 
the  solution  warmed.  A  few  drops  of  phenylhydrazine  were  then 
added  when  this  hydrazone  separated  at  once  in  the  form  of  yel- 
low needles,  often  arranged  in  rosettes.  The  compound  decom- 
poses at  about  272°  without  melting.  It  is  slightly  soluble  in 
alcohol  and  water  and  soluble  in  glacial  acetic  acid. 

Oxime. — In  order  to  prepare  this  oxime  the  following  propor- 
tions were  used.  1  gm.  of  thymine  aldehyde,  0.4  gm.  of  hydroxyl- 
amine  hydrochloride,   and  0.6  gm.  of  sodium  hydroxide.     The 
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procedure  followed  was  the  same  as  that  described  in  the  prepara- 
tion of  the  oximes  already  spoken  of  and  the  yield  was  1  gm. 
The  product  crystallizes  from  glacial  acetic  acid  in  elongated 
four-sided  plates  which  decompose  at  about  257°.  The  compound 
is  difficultly  soluble  in  acetic  acid  and  insoluble  in  alcohol  and 
water. 

Calculated  for  CHiCN,:  N,  24.8.    Found:  N,  24.6. 

Anil. — This  Schiff  base  was  prepared  by  dissolving  a  small 
amount  of  thymine  aldehyde  in  aniline  and  boiling  the  resulting  so- 
lution for  a  few  minutes.  On  cooling,  the  anil  separated  from  the 
aniline  in  the  form  of  long  yellow  needles  which  were  purified  by 
recrystallization  from  glacial  acetic  acid.  The  compound  soft- 
ened at  265°  and  decomposed  at  272°.  This  anil  is  insoluble  in 
water  and  alcohol. 

Calculated  for  CuHuO|Ns:  N,  18.2.    Found:  N,  18.2. 
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V.    RELATION  OF  CEREBRONIC  AND  LIGNOCERIC  ACIDS. 

By  P.  A.  LEVENE  and  C.  J.  WEST. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  June  16,  1916.) 

In  a  recent  publication  from  Thierfelder's  laboratory  Brigl1 
reported  the  results  of  some  synthetic  experiments  which  were  ini- 
tiated with  the  object  of  proving  the  Thierfelder-Brigl  assumption 
of  the  structure  of  cerebronic  acid.  The  article  also  contains 
critical  remarks  on  our  work  on  the  same  subject. 

The  starting  point  for  the  synthetic  work  of  Brigl  is  the  assump- 
tion that  cerebronic  acid  has  the  structure  of  normal  a-hydroxy- 
pentacosanic  acid, 

CH,(CH8)»CHOHCOOH 

In  order  to  prove  this  contention  he  attempted  to  convert  cere- 
bronic acid  into  the  corresponding  hydrocarbon,  and  to  prove  the 
identity  of  this  product  with  the  synthetic  n-pentacosan.  Sec- 
ondly, it  was  his  intention  to  prepare  synthetically  the  normal 
a-hydroxypentacosanic  acid  and  to  prove  the  identity  of  this 
synthetic  product  with  r-cerebronic  acid. 

By  a  rather  interesting  process  Brigl  prepared  n-pentacosan, 
but  did  not  convert  cerebronic  acid  into  the  paraffin..  Hence 
he  failed  to  accomplish  the  part  of  the  task  that  rested  on 
the  study  of  the  two  paraffins. 

Also  by  a  very  difficult  and  circuitous  method  he  prepared 
normal  a-hydroxypentacosanic  acid.  The  comparison  of  the 
melting  points  of  the  synthetic  acid  with  the  r-cerebronic  acid 
did  not  lead  to  a  convincing  conclusion. 

*  Levene,  P.  A.,  and  Jacobs,  W.  A.,  J.  Biol.  Chem.,  1912,  xii,  381.  Le- 
vene,  P.  A.,  and  West,  C.  J.,  /.  Biol.  Chem.,  1913,  xiv,  257;  1913,  xv,  193; 
1914,  xviii,  477. 

1  Brigl,  P.,  Z.  physiol.  Chem.,  1915,  xcv,  161. 
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In  a  word,  the  synthetic  products  obtained  by  Brigl  are  inter- 
esting by  themselves,  but  in  the  hands  of  Brigl  they  were  of  no 
service  for  the  purpose  of  proving  the  structure  of  cerebronic  acid. 

The  critical  remarks  on  our  work  on  cerebronic  acid  are  directed 
not  against  the  conclusions  but  against  the  method  employed  by 
us  for  the  conversion  of  a-hydroxy  fatty  acids  into  the  correspond- 
ing hydrocarbons.  Thierfelder  and  Brigl  discuss  only  the  results 
of  the  publications  of  Levene  and  Jacobs  of  1912  and  of  Levene 
and  West  of  1913.  There  the  view  was  expressed  that  cerebronic 
acid  had  the  structure  of  normal  a-hydroxypentacosanic  acid. 
The  view  was  based  on  the  fact  that  the  hydrocarbon  obtained 
from  cerebronic  acid  melted  at  53.5-54°C.  This  melting  point 
was  the  one  accepted  by  Marie2  for  n-pentacosan.  Furthermore, 
cerebronic  acid  was  converted  into  lignoceric  acid  which  yielded  a 
hydrocarbon  melting  at  51°C.  This  is  the  melting  point  accepted 
by  Krafft*  for  n-tetra6osan. 

The  hydrocarbon  was  obtained  by  the  action  of  hydriodic  acid 
in  a  sealed  tube  at  125°C.  As  already  stated,  Thierfelder  and 
Brigl  take  exception  to  this  method.  Our  own  work,  subsequent 
to  the  first  two  publications,  convinced  us  that  the  method  was 
better  than  the  conclusions.  The  original  view  on  the  structure 
of  cerebronic  acid,  as  expressed  by  Levene  and  Jacobs  and  by 
Levene  and  West,  was  subsequently  modified. 

The  present  writers  regard  cerebronic  acid  to  be  the  a-hydroxy 
derivative  of  the  next  higher  homologue  of  lignoceric  acid.  Nat- 
urally we  cannot  accept  the  conclusions  of  Thierfelder  and  Brigl. 
However,  we  did  not  have  absolute  confidence  in  the  hydriodic 
acid  process  for  the  conversion  of  fatty  acids  into  paraffins.  In 
fact,  the  original  object  of  the  hydriodic  acid  experiment  was  to 
convert  cerebronic  acid  into  pentacosanic  acid.  At  the  same  time 
the  work  of  Meyer,  Brod,  and  Soyka4  advanced  the  view  that 
lignoceric  acid  had  the  structure  of  a  branched  chain  tetracosanic 
acid.  Since  cerebronic  acid  is  easily  converted  into  lignoceric 
acid  all  the  conclusions  reached  regarding  the  structure  of  one 
apply  also  to  the  other. 

*  Marie,  T.,  Ann.  chim.  phys.,  1896,  vii,  212;  Bull.  Soc.  chim.,  1896,  xv, 
567. 

3  Krafft,  F.,  Ber.  chem.  Ges.,  1882,  xv,  1711. 

4  Meyer,  H.,  Brod,  L.,  and  Soyka, W.,  Monatschr.  Chem.,  1913,  xxxiv,  1113. 
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We  also  realized  the  need  of  a  revision  of  the  melting  points  of 
the  higher  hydrocarbons  and  have  adapted  a  process  of  prepara- 
tion of  the  hydrocarbons  which  consisted  of  the  following  steps: 

R  COOCH,  -►  R  CH,OH  -►  R  CH,I  -►  R  CH,. 

Every  step  of  the  process  involved  only  very  mild  treatment. 
In  this  manner  n-tetracosan  and  the  isotetracosan  corresponding 
to  lignoceric  acid  were  prepared.5  The  first  had  the  melting 
point  of  54°C.  (given  in  literature  51.1°C.)  and  the  second  51°C, 
identical  with  that  previously  obtained  by  the  hydriodic  acid 
process. 

Furthermore,  we  prepared  n-tetracosanic  acid8  and  found  for  it 
a  melting  point  of  87.5-88.0°C.  (85.5-86.0°C.  was  given  by  Meyer, 
Brod,  and  Soyka).     The  melting  point  for  lignoceric  acid  is  81°C. 

Hence  the  structure  of  cerebronic  acid  seems  to  be  fairly  well 
correlated  with  th^t  of  lignoceric  acid.  For  greater  rigor  of  the 
proof  we  plan  to  convert  lignoceric  acid  into  an  a-hydroxypenta- 
cosanic  acid,  which  should  be  identical  with  cerebronic,  and  finally 
to  compare  the  pentacosans  obtained  from  cerebronic  acid  and 
the  synthetic  pentacosanic  acid.  We  also  contemplate  converting 
lignoceric  acid  into  isotricosanic  acid,  and  by  the  malonic  ester 
synthesis  to  arrive  at  pentacosanic  acid  which  will  serve  both  for 
preparation  of  the  paraffin  and  of  the  a-hydroxy  acid. 

Another  point  of  criticism  is  directed  by  Brigl  against  the  as- 
sumption made  by  us  for  the  explanation  of  the  variability  of  the 
melting  point  of  various  samples  and  of  various  fractions  of  the 
a-hydroxypentacosanic  acid  obtained  on  hydrolysis  of  cerebrin. 
Our  assumption  was  that  the  so  called  cerebronic  acid  is  a  mixture 
of  optical  isomers;  Brigl  holds  the  view  that  the  isomerism  of  the 
two  acids  is  structural.  The  objection  of  Brigl  is  based  on  the 
fact,  first,  that  the  difference  in  the  melting  of  the  optically  active 
and  inactive  acids  is  in  the  neighborhood  of  20°C,  and  second,  on 
the  fact  that  the  synthetic  normal  hydroxypentacosanic  acid 
melts  20°  above  the  optically  inactive  natural  acid. 

The  second  proof  of  Brigl  falls  by  itself  since  it  has  been  proven 
that  cerebronic  acid  does  not  belong  to  the  series  of  normal  acids. 

*  Levene  and  West,  J.  Biol.  Chem.,  1914,  xvii,  477. 

•  Levene,  P.  A.,  West,  C.  J.,  Allen,  C.  H.,  and  van  der  Scheer,  J.,  J. 
Biol.  Chem.,  1915,  xxiii,  71. 
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As  to  the  first  point  of  objection,  it  must  be  emphasized  that  we 
have  not  claimed  to  have  established  the  correct  melting  point  of 
either  the  active  or  the  dZ-forms  of  cerebronic  acid.  One  always 
realizes  the  difficulty  of  any  deductions  from  observations  on 
mixtures  of  fatty  acid.  Our  principal  argument  was  that,  regard- 
less of  the  great  difference  in  the  melting  points  of  different  sam- 
ples of  the  natural  hydroxypentacosanic  acids  (generally  mixtures), 
they  all  yield  on  oxidation  a  tetracosanic  acid  of  the  same  sharp 
melting  point  of  81°C,  an  acid  having  all  other  properties  of  lig- 
noceric  acid.  It  is  hard  to  believe  that  two  isomeric  tetracosanic 
acids  have  the  same  melting  point  when  the  a-hydroxy  derivatives 
of  their  next  higher  homologues  differ  in  their  melting  point  by 
more  than  20°C. 

The  view  may  be  further  substantiated  by  the  fact  that  the 
same  sample  of  ceVebrin  yields  a  cerebronic  acid  of  different  melt- 
ing point  and  of  different  optical  power  depending  upon  the  con- 
ditions of  hydrolysis.  A  similar  observation  was  made  by  Rosen- 
heim.7 

However,  in  our  previous  work  no  detailed  record  was  kept  of 
the  rotatory  power  and  of  the  melting  points  of  the  different 
samples  of  cerebronic  acids  which  served  for  oxidation  into  lig- 
noceric  acid.  In  order  to  add  validity  to  our  earlier  evidence  we 
prepared  several  samples  of  cerebronic  acid. 

The  first  had  a  melting  point  of  99-100°,  [a]"  =  +2.6°;  the 
second,  86°,  [a£  =  +1.5°;  and  the  third,  91-93°,  [a]"  =  +3.55.° 

The  first  two  of  these  samples  were  oxidized  with  permanganate 
solution,  and  both  yielded  a  tetracosanic  acid  melting  sharply  at 
81°C. 

Hence  we  feel  that  for  the  present  there  is  not  sufficient  ground 
for  a  revision  of  the  original  view  as  to  the  difference  in  the  melt- 
ing points  of  the  various  cerebronic  acids. 

EXPERIMENTAL. 

The  cerebroside  employed  for  the  preparation  of  the  cerebronic 
acid  had  a  specific  rotation  of  [a]"  =  + 10°,  and  in  solubility  and 
other  properties  corresponded  to  Thierfelder's  cerebron  or  Thudi- 
chum's  phrcnosin.     The  physical  property  of  the  fatty  acid  ob- 

7  Rosenheim,  O.,  Biochem.  J.f  1916,  x,  148. 
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tained  from  the  same  material  differed,  depending  on  the  condi- 
tions of  hydrolysis. 

J.  Hydrolysis  with  Sulfuric  Acid  in  an  Autoclave.— 100  gm.  of 
cerebrin  were  heated  with  1  liter  of  3  per  cent  sulfuric  acid  (by 
weight)  for  24  hours  in  an  autoclave  at  110-115°.  The  mixture 
of  cerebronic  acid  and  sphingosine  was  filtered  off,  the  acid  extract- 
ed with  acetone,  and  purified  through  the  sodium  and  lithium  salts. 
This  free  acid  was  then  recrystallized  from  acetone  and  melted 
at  80-85°.  The  rotation  of  the  material  varied  from  +1.2°  to 
+  1.5°. 

By  repeatedly  fractionating  the  acid  with  lithium  acetate  in 
methyl  alcoholic  solution,  using  the  insoluble  fraction  each  time, 
a  sample  of  acid  was  finally  obtained  which  melted  at  99-100° 
and  had  a  specific  rotation  of  2.69°. 

,   y,  _  3.3624  X  0.16°  _ 
W°  -  0.2002  X  1.0     -  ** 

0.1008  gm.  substance  gave  0.2796  gm.  C02  and  0.1160  gm.  H20. 

Calculated  for 

CuHtoOs:  Found: 

C 75.33  75.32 

H : 12.65  12.88 

This  material  was  oxidized  with  alkaline  potassium  perman- 
ganate according  to  Levene  and  Jacobs  and  also  with  perman- 
ganate in  acetone  solution  according  to  Levene  and  West.  Re- 
crystallized  from  acetone,  analytically  pure  lignoceric  acid,  melt- 
ing at  81°,  was  obtained. 

0.1006  gm.  substance  gave  0.2886  gm.  CO*  and  0.1202  gm.  H,0. 

Calculated  for 
C«H4„Oj:  Found: 

C 78.20  78.22 

H 13.20  13.37 

II.  Hydrolysis  with  20  Per  Cent  Hydrochloric  Acid. — Cerebrin 
was  heated  with  four  parts  of  20  per  cent  hydrochloric  acid  and 
one  part  of  95  per  cent  alcohol  for  48  hours,  as  in  the  preparation 
of  sphingine.8  From  the  reaction  product  a  cerebronic  acid  was 
isolated,  which  melted  at  85-86°,  and  had  a  rotation  of  1.5°. 

•  Levene,  P.  A.,  J.  Biol.  Chem.,  1916,  xxiv,  74. 
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Upon  oxidation  with  permanganate  in  acetone  solution,  lig- 
noceric  acid  was  obtained,  melting  at  80-81°. 

0.1004  gm.  substance  gave  0.2882  gm.  COt  and  0.1200  gm.  H20. 

Calculated  for 

CttHuOt:  Found: 

C 78.20  78.27 

H 13.20  13.34 

III.  Hydrolysis  with  Methyl  Alcohol-Sulfuric  Acid. — Cerebrin, 
having  a  rotation  of  + 10°,  was  hydrolyzed  with  methyl  alcohol 
and  sulfuric  acid  according  to  the  directions  given  in  earlier 
articles.  The  product,  when  purified  through  the  sodium  and 
lithium  salts,  and  recrystallized  from  acetone,  melted  at  88-91°. 
After  being  twice  extracted  with  low-boiling  petroleum  ether,  the 
melting  point  was  91-93°.    The  activity  of  this  sample  was 


po  _  0.20°  X  5.857  _  o  cco 
330  X  1.0 


[«ir  -  *£--"-  - "» 


This  acid  was  not  oxidized.  The  experiment  is  reported  to 
show  the  influence  of  the  mode  of  hydrolysis  on  the  physical 
properties  of  the  resulting  cerebroniaacid. 
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An  extensive  investigation  as  to  the  nature  of  trypsin  was 
undertaken  and  published  last  year  by  Herzfeld.1  In  this  work 
he  stated  that  the  cleavage  products  of  various  proteins  possess  a 
distinct  hydrolytic  action  on  proteins.  On  the  basis  of  his  experi- 
ments he  attempted  to  demonstrate  that  the  active  properties  of 
pepsin  are  mainly  due  to  proteoses  and  those  of  trypsin  to  amino- 
acids.  In  his  second  paper'  he  subjected  trypsin  to  dialysis  and 
found  that  the  dialysate  possessed  a  strong  hydrolyzing  effect  on 
proteins.  While  it  was  not  as  active  as  the  original  ferment  solu- 
tion, the  residue  remaining  in  the  bag  was  found  to  be  practically 
inactive.  The  principal  method  used  by  Herzfeld  in  his  experi- 
ments and  by  which  he  determined  the  rate  of  prQtein  hydrolysis 
was  the  colorimetric  or  spectrophotometric  comparison  of  the 
color  developed  by  an  evaporation  of  the  solution  to  be  examined 
with  Ruhemann's  reagent  (ninhydrin)  and  compared  with  a 
glycine  solution  of  known  strength.  There  are  two  objections  to 
Herzfeld's  theory  that  the  action  of  trypsin  is  due  to  the  presence 
of  protein  cleavage  products:  (1)  Ninhydrin  was  found  to  be  only 
to  some  extent  specific  for  amino-acids,  as  allantoin*  and  other 
substances4  give  a  coloration  with  this  reagent  under  certain  con- 
ditions. (2)  The  work  of  Holderer,5  and  Funk  and  Niemann6 
shows  that  trypsin  does  not  filter  through  a  Chamberland  filter  in 

1  Herzfeld,  E.,  Biochem.  Z.f  1915,  lxviii,  402. 

*  Herzfeld,  Biochem.  Z.,  1915,  lxx,  262. 
»  Funk,  C,  Biochem.  J.,  1913,  vii,  211. 

4  Neuberg,  C,  Biochem.  Z.,  1913,  lvi,  495. 

*  Holderer,  M.,  Compt.  rend.  Acad.}  1910,  cl,  285. 

*  Funk,  C#,  and  Niemann,  A.,  Z.  physiol.  Chem.,  1910,  lxviii,  263. 
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neutral  solution,  and,  therefore,  the  action  of  trypsin  cannot  be 
due  to  the  presence  in  it  of  amino-acids,  as  under  these  conditions 
the  latter  would  pass  through  the  filter  readily.  It  has  since 
been  found  by  the  author7  that  trypsin  on  filtration  in  neutral 
solution  is  so  strongly  adsorbed  or  inactivated  that  even  breaking 
the  porous  porcelain  filter  to  a  fine  powder  and  extracting  it  with 
weak  acid  or  alkali  will  not  regenerate  the  power  of  the  ferment. 
Recovery  of  the  ferment  would  be  expected  if  the  active  part  of 
trypsin  were  composed  of  cleavage  products  of  proteins. 

Under  these  circumstances  it  was  found  advisable  to  test  Herz- 
feld's  results  by  a  different  method  than  that  used  in  his  work, 
and  we  decided  to  use  Van  Slyke's  method  for  the  determination 
of  amino  nitrogen,  and,  in  some  instances,  also  the  micro  Kjeldahl 
method  as  recommended  by  Pregl.8  We  may  mention  here  that 
the  results  we  have  obtained  do  not  support  Herzfeld's  view  that 
the  action  of  trypsin  is  mainly  due  to  the  presence  of  amino-acids, 
and  the  difference  in  the  results  obtained  may  be  due  either  to 
the  fact  that  a  modified  technique  was  used  by  us  or  that  the  in- 
tensified color  obtained  with  ninhydrin  was  not  due  to  an  actual 
increase  in  amino-acids. 

Dialysis  of  Trypsin. 

Herzfeld  in  his  experiments  used  commercial  trypsin  prepara- 
tions of  unspecified  origin,  and  he  states  that  trypsins  with  a 
high  nitrogen  content  gave  the  best  results  on  dialysis.  The  ni- 
trogen content  was  not  quite  so  high  in  the  trypsin  preparations 
we  used  as  in  those  of  this  author.  Solutions  of  different  strengths 
were  dialyzed  in  collodion  membranes  (instead  of  the  parchment 
bags  of  Schleicher  and  Schull)  against  distilled  water,  the  liquid 
being  kept  covered  in  all  cases  with  toluene  (numerous  controls 
have  entirely  excluded  any  bacterial  action  in  our  experiments). 
The  method  employed  was  as  follows:  The  original  ferment  so- 
lution, the  dialysate,  and  the  residue  were  tested  separately  as  to 
their  action  on  freshly  prepared  fibrin  or  egg  albumin,  then  the 
protein  and  the  solution  to  be  examined  were  placed  in  collodion 
bags  with  distilled  water  outside,  both  liquids  covered  with  tolu- 

*  Unpublished  work. 

*  Pregl,  F.,  Abderhalden's  Handb.  biochem.  Arbeitsmethoden,  1912,  v,  1344. 
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ene,  and  incubated  at  37°  for  24  hours.  The  dialysate  was  then 
poured  off,  washed  into  a  fractionation  flask,  and  evaporated  in 
vacuo.  The  residue  was  washed  into  a  measuring  flask  and  an 
aliquot  part  analyzed  for  amino  nitrogen  and  in  some  cases  for 
total  nitrogen. 

Experiment  1. — A  4  per  cent  solution  of  Fairchild's  trypsin 
(11.27  per  cent  N)  was  made  and  5  cc.  of  it  were  placed  in  a  bag 
with  50  cc.  of  water  outside,  while  another  5  cc.  of  the  same  solu- 
tion were  put  directly  into  50  cc.  of  water.  Both  beakers  were 
incubated  for  24  hours.  We  have  used  stronger  solutions  of  the 
ferment  than  Herzfeld  in  order  to  magnify  the  ultimate  results. 
After  incubation  the  residue  in  the  bag  was  again  diluted  to  50 
cc.  Amino  nitrogen  determinations  were  made  on  the  three  solu- 
tions: (1)  the  original  ferment,  (2)  the  dialysate,  and  (3)  the 
residue. 

1.  Original  ferment  gave  0.0064  gm.  NH*  N. 

2.  Dialysate  "    0.0051   " 

3.  Residue  "    0.0012  " 

From  these  analyses  we  can  see  that  a  large  part  of  the  amino- 
acids  originally  present  in  the  ferment  solution  dialyzed  out. 

NHsN  found: 
gm. 

5  cc.  Solution  1  in  a  bag* 0.000075 

5   "  "         1   ""    "     and  0.5  gm.  egg  albumin 0.00011 

5   "  "         1   ""    "        "  0.5   "     fibrin 0.00016 

0.5  gm.  fibrin  and  5  cc.  water  in  a  bag 0 

0.5    "  egg  albumin  and  5  cc.  water  in  a  bag 0 

5  cc.  dialysate  in  a  bag    , m 0.00012 

5"  "  ""    "     and  0.5  gm.  egg  albumin 0.000088 

5   "  "  ""    "         "   0.5   "     fibrin 0.000101 

5  cc.  residue  in  a  bag    0.000051 

5   "  "        "  "    "     and  0.5  gm.  egg  albumin 0.000057 

5   "  "        "  "    "        "    0.5    "     fibrin 0.000037 

*  40  cc.  of  water  outside,  in  each  case. 

Experiment  2. — In  this  experiment  a  10  per  cent  solution  of  the 
same  trypsin  preparation  was  used  and  fibrin  as  a  protein  sub- 
strate. 
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1.  Original  ferment  gave  0.0246  gm.  NHj  N. 

2.  Dialysate  "     0.0224    " 

3.  Residue  "     0.00556  "        " 

NHt  N  found: 
gm. 

5  cc.  original  ferment  in  a  bag* 0.0059 

5"         "  "         ""    "     and  0.5  gm.  fibrin 0.0182 

0.5  gm.  fibrin  and  5  cc.  water  inside 0.0010 

5  cc.  dialysate  in  a  bag 0.0087 

5"  "         ""    "   and  0.5  gm.  fibrin 0.0084 

5  cc.  residue  in  a  bag   0 .0020 

5"         "       """     and  0.5  gm.  fibrin 0.0054 

*  40  cc.  of  water  outside,  in  each  case. 

In  the  above  experiment  with  Fairchild's  trypsin,  which,  upon 
repetition  gave  the  same  results,  we  find  .a  diminution  of  prote- 
oclastic  action  both  in  the  dialysate  and  the  residue  as  compared 
with  the  original  ferment  solution.  Furthermore  the  dialysate 
does  not  show  any  proteoclastic  effect  on  the  protein,  but  on  the 
contrary,  a  diminution  of  amino  nitrogen. 

Experiment  3. — In  this  experiment  trypsin  from  Armour  and 
Company  (12.19  per  cent  N)  was  used  and  the  proteolysis  was 
determined  both  by  the  amino  nitrogen  and  by  total  nitrogen  de- 
terminations using  the  micro  Kjeldahl  method.  A  10  per  cent 
solution  of  the  ferment  was  employed. 

1.  Original  ferment  gave  0.026    gm.  NH*  N. 

2.  Dialysate  "     0.0145  "         " 

NHi  N.  Total  N. 

gm.  gm. 

5  cc.  original  trypsin  in  a  bag* 0.0020  0.00435 

5  "         "  "       "  "    "     and  0.5  gm.  egg 

albumin 0.0037  0.0067 

0.5  gm.  fibrin  in  a  bag 0.00038  0.0005 

5  cc.  dialysate  in  a  bag 0.0027        0.00435 

5"  "  ""    "  and  0.5  gm.  egg  albumin  0.0027        0.0034 

5  cc.  residue  in  a  bag 0.00088      0.0011 

5   "        "         "  "    "   and 0. 5 gm.  egg  albumin..  0.00145      0.0031 

*  40  cc.  of  water  outside,  in  each  case. 
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The  dialysate,  although  very  much  richer  in  amino  nitrogen 
than  the  residue,  had  no  hydrolyzing  effect  on  the  protein,  and 
the  residue  was  very  much  more  active  than  the  dialysate.  The 
dialysate  showed  a  diminution  of  amino  nitrogen  and  total  nitro- 
gen in  the  outside  fluid,  as  in  all  our  experiments  where  a  dialyzing 
membrane  was  used.  Herzfeld  considers  also  a  possible  synthetic 
action  of  the  ferment,  or  amino-acid.  We  prefer  to  explain  this 
phenomenon  for  the  present  as  a  mere  adsorption  of  the  cleav- 
age products  by  the  membrane,  or  by  the  protein  in  the  dialyz- 
ing bag. 

Experiment  4- — Pancreatine  from  Parke,  Davis  and  Company 
in  10  per  cent  solution  was  used  (11.92  per  cent  N),  the  insoluble 
part  being  filtered  off. 

1.  Original  ferment  gave  0.0192  gm.  NHj  N. 

2.  Dialysate  "     0.0128 

3.  Residue  "     0.00286 

NHiN.  Total  N. 

gm.  gm. 

5  cc.  original  trypsin  in  a  bag* 0.00254  0.0043 

5  "         "  "        "   "     "     and    0.5    gm. 

fibrin 0.00996  0.0185 

0.5  gm.  fibrin  and  5  cc.  water  in  a  bag 0.00047  0.00125 

5  cc.  dialysate  in  a  bag 0.00206       0.00345 

5  "  "         "   "    "    and  0.5  gm.  fibrin 0.00194       0.00340 

5  cc.  residue  in  a  bag 0.00044        0.00095 

5  "        "  "  "    "   and  0.5  gm.  fibrin 0.00269        0.0053 

*  40  cc.  of  water  outside,  in  each  case. 

After  having  found  that  the  dialyzing  portion  of  the  trypsin 
had,  in  our  experiments,  no  proteolytic  action  on  proteins  we 
repeated  some  of  Herzfeld's  experiments  on  the  proteoclastic 
action  of  amino-acids9  and  peptides  on  proteins. 

Action  of  Protein  Cleavage  Products  on  Proteins. 

Herzfeld  has  shown,  by  means  of  his  colorimetricninhydrin 
method,  that  amino-acids  and  peptides  have  a  distinct  proteolytic 

•  We  are  indebted  for  certain  of  these  preparations  to  Dr.  VV.  G.  Lyle 
and  Dr.  P.  A.  Levene. 
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action  on  certain  proteins,  the  aliphatic  amino-acids  being  more 
effective  than  the  aromatic  ones.  In  one  case  he  performed  a 
direct  experiment,  allowing  glycine  to  act  on  fibrin.  On  evapora- 
tion of  the  dialysates,  and  drying  to  constant  weight,  he  found 
that  the  residue  obtained  from  the  action  of  glycine  on  fibrin 
weighed  more  than  the  residues  obtained  in  the  control  experi- 
ment. We  repeated  this  experiment  using  the  amino  nitrogen 
determination  as  an  index  of  hydrolysis,  but,  as  glycine  does  not 
react  in  the  usual  way  with  nitrous  acid  and  gives  more  than  the 
theoretical  amount  of  gas,  another  experiment  was  done  for  the 
total  nitrogen  estimation. 

Glycine  and  Fibrin. 

A  2  per  cent  solution  of  glycine  was  used,  which  was  added  directly  to 
the  fibrin  in  a  bag. 

NH*N. 

gm. 

5  cc.  glycine  solution 0.0184 

5    "         "  "       and  0.5  gm.  fibrin 0.01856 

0.5  gm.  fibrin 0.00018 

We  found  no  increase  of  amino  nitrogen.  In  another  experi- 
ment a  4.9  per  cent  solution  of  glycine  was  used  without  dialysis 
and  the  solutions  covered  with  toluene  were  left  in  the  incubator 
for  6  days. 

NHt  N.         Total  N. 
gm.  gm. 

5  cc.  glycine  in  40  cc.  water 0.0495         0.0356 

5  "         "       and  0.5  gm.  fibrin 0.0482         0.0461 

0.5  gm.  fibrin 0.00058        0.0014 

In  this  experiment  again  we  find  no  increase  in  amino  nitrogen, 
but,  in  confirmation  of  Herzfeld's  result,  an  increase  in  total  ni- 
trogen. This  at  present  cannot  be  explained,  although  it  was 
obtained  by  us  in  subsequent  experiments,  but  not  to  such  a 
marked  degree  as  in  the  case  of  glycine. 
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Action  of  Other  Amino-Acids  and  Peptides  on  Protein. 

NHt  N.  Total  N. 

gm.  gm. 

5  cc.  glycyl-glycine  (0.8  per  cent)* 0.004 

0.5  gm.  fibrin 0.0045 

5  cc.  glycyl-glycine  and  0.5  gm.  fibrin 0.0004 

5  cc.  Meucine  (1.9  per  cent) 0.0106  0.0108 

5  "         "  (1.9    "      "   ),  and  0.5  gm. 

fibrin 0.0106  0.01175f 

10  cc.  ^-leucine  (0.93  per  cent)t 0.00925  0.0095 

10  "  "  (0.93    "        "  ),  and  0.5  gm. 

fibrin 0.00925  0.0112 

0.5  gm.  fibrin 0.000287  0.0027 

5  cc.  Z-alanyl-d-alanine  (0.8  per  cent) 0.0012 

5  "                   "              and  0.5  gm.  egg  albu- 
min   0.0014 

0.5  gm.  egg  albumin 0.0003 

Completely  hydrolyzed  casein,  acid  quanti- 
tatively removed,  25  gm.  in  500  cc,  5  cc. 

taken 0.01457         0.02137 

The  same  and  0.5  gm.  fibrin 0.01505         0.0225 

0.5  gm.  fibrin 0.000189        0.00025 

5  cc.  trypsin  dialysate  (Armour) 0.001806        0.00375 

5  "         "              "              "          and   5  cc. 
of  the  above  casein  hydrolysate 0.01646         0.02514 

*  40  cc.  of  water  in  each  case. 

t  Left  for  5  days. 

t  35  cc.  of  water  in  this  case. 


This  experiment  was  performed  in  order  to  test  whether  the 
dialysate  possesses  synthetical  action.  This  phenomenon  could 
not  be  demonstrated  as  the  amounts  calculated  in  the  last  exper- 
iment were  0.01637  NH2  N  and  0.02512  total  N,  which  closely 
corresponded  to  our  results.  We  have  also  attempted  testing 
the  synthetic  action  of  the  ferment  itself,  or  its  dialysate,  by  the 
optical  method  and  also  by  direct  incubation  of  amino-acid  with 
the  ferment.  None  of  the  experiments  were  successful,  nor  were 
we  able  to  detect  any  hydrolyzing  properties  of  the  cleavage  prod- 
ucts in  their  action  on  proteins. 
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s 

SUMMARY. 

Trypsin,  when  subjected  to  dialysis  in  collodion  bags,  loses  a 
large  part  of  its  amino  nitrogen,  cdrresponding  to  the  passage  of 
amino-acids  into  the  dialysate.  The  dialysate  was  found  to  be 
without  hydrolyzing  effect  on  proteins,  whereas,  in  most  cases  the 
residue  was  found  to  have  distinct  proteoclastic  properties.  The 
dialysis  of  trypsin  was  followed  by  a  marked  inactivation  of  the 
ferment.  The  diminution  of  amino  nitrogen,  where  the  dialysate 
was  allowed  to  act  upon  protein,  is  perhaps  due  to  the  adsorption 
of  a  certain  quantity  of  the  cleavage  products  by  the  membrane, 
or  by  the  protein  substrate,  and  is  apparently  not  due  to  syn- 
thetic action.  The  amino-acids  and  peptides  used  had  no  hydro- 
lyzing effect  on  proteins,  as  an  increase  of  amino  nitrogen  was 
never  found.  Occasionally,  as  in  the  case  of  glycine,  an  increase 
in  total  nitrogen  was  found,  for  which  we  can  offer  no  explanation. 


THE  INFLUENCE  OF  ETHYL  ALCOHOL  AND  GLYCEROL 

UPON  THE  RATE  OF  SOLUTION  OF  CASEIN 

BY  SODIUM   HYDROXIDE. 

■ 

By  T.  BRAILSFORD  ROBERTSON  and  K.  MIYAKE. 

(From  the  Rudolph  Spreckels  Physiological  Laboratory  of  the  University  of 

Calif orniaf  Berkeley.) 

(Received  for  publication,  June  10,  1916.) 

In  previous  articles1  we  have  shown  that  the  rate  of  solution 
of  casein  in  an  alkaline  solvent  is  determined  by^  the  velocity 
with  which  the  casein  particles  are  penetrated  and  wetted  by 
the  solvent,  the  relationship  between  the  time  of  exposure  to 
the  solvent  (t)  and  the  amount  of  casein  dissolved  (x)  being 
expressed  by  the  formula  x  =  Ktm,  in  which  K  and  m  are  con- 
stants which  vary  with  the  nature  of  the  solvent.  The  product 
K  X  m  we  have  called  the  coefficient  of  penetration,  and  we 
have  shown  that  the  addition  of  alkali  or  alkaline  earth  chlo- 
rides to  an  alkaline  solution  employed  as  solvent  decreases  the 
value  of  the  coefficient  of  penetration  and,  consequently,  the 
rate  of  solution  of  the  casein. 

It  appeared  of  special  interest  in  this  connection  to  study  the 
effect  upon  the  rate  of  solution  of  casein  in  alkaline  solvents  of 
organic  substances  which  are  known  to  exert  a  marked  effect 
upon  surface  tension.  Alcohol  and  glycerol  are  known  to  re- 
duce the  tension  of  a  solid-water  interface  and  the  addition  of 
these  substances  to  the  alkaline  solvent  should  evidently,  if 
the  above  outlined  theory  correctly  represents  the  facts,  retard 
the  rate  of  penetration  and,  consequently,  the  rate  of  solution 
of  the  casein.  While,  as  will  be  seen,  our  results  are  in  har- 
mony with  the  requirements  of  the  theory,  certain  anomalies 
were  encountered  in  the  behavior  of  the  solvents  containing 

1  Robertson,  T.  B.,  J.  Phys.  Chem.,  1910,  xiv,  377;  Arch.  ges.  Physiol., 
1913,  clii,  524.  Robertson,  T.  B.,  and  Miyake,  K.,  J.  Biol.  Chem.,  1916, 
xxv,  351. 
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alcohol,  anomalies  which  are  attributable  to  the  fact  that  alco- 
hol is  a  protein  coagulant,  or  dehydrating  agent. 

The  casein  employed  in  these  experiments  was  the  same  as 
that  used  in  our  previously  reported  investigations  and  the 
experimental  technique  was  also  the  same.  As  a  standard  alka- 
line solvent  we  employed  0.016  n  sodium  hydroxide  containing 
varying  concentrations  of  alcohol  or  glycerol.  The  volume  of 
solvent  employed  was  always  100  cc;  5  gm.  of  casein  were 
dropped  into  the  solvent  and  the  mixture  was  stirred  at  an  ap- 
proximately constant  rate.  Samples  of  the  mixture  were 
withdrawn  from  time  to  time,  rapidly  filtered,  and  the  concen- 
tration of  casein  contained  in  the  filtrate  was  determined  by  the 
refractometric  method. 

Tables  I  to  XIV  embody  the  results  obtained  with  the  sol- 
vents containing  alcohol,  and  these  results  are  also  depicted 
graphically  in  Figs.  1  and  2.  It  will  be  seen  that  the  addition 
of  alcohol  markedly  decreases  the  rate  of  solution  of  casein  by 
dilute  sodium  hydroxide.  In  the  mixtures  containing  over  4 
m  and  less  than  8  m  alcohol,  however,  a  curious  phenomenon 
is  observed.  It  will  be  seen,  on  consulting  Tables  VII  to  XI, 
that  in  these  mixtures  a  partial  reprecipitation  of  the  casein  ini- 
tially dissolved  occurs,  so  that  after  2  hours  of  stirring  in  the 
mixtures  containing  from  4.5  m  to  6  m  alcohol  (Tables  VII  to 
X)  the  amount  of  casein  in  solution  is  actually  less  than  it  is 
after  £  hour  of  stirring. 

TABLES. 


n 


Casein  in  100  cc.  of 
solvent. 


Observed. 


Calculated. 


I.  Solvent:  0.016  n  NaOH.    i   -   68.05.    ni   =    1.329250.    Temperature: 

23.5-24°.    K  =  2.371.    m  =  0.151. 


gm. 

gm. 

5 

67.07 

1.333714 

2.98 

3.02 

+0.04 

10 

66.57 

1.334497 

3.45 

3.36 

-0.09 

30 

66.45 

1.335445 

4.08 

3.96 

-0.08 

60 

66.38 

1.335990 

4.43 

4.40 

-0.03 

120 

66.32 

1.336470 

4.75 

4.91 

+0.16 
2A  »  *0.00 
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Casein  in  100  cc.  of 
solvent. 


Observed. 


Calculated, 


II.  Solvent:  0.016  n  NaOH  +  0.5  m   C2H8OH.    i  -  67.39.    ni  -  1.331237. 
Temperature:  2&-23.5°.    K  =  2.214.    m  -  0.148. 


am. 

gm. 

5 

66.45 

1.335445 

2.77 

2.82 

+0.05 

10 

66.37 

1.336070 

3.18 

3.11 

-0.07 

30 

66.26 

1.336950 

3.76 

3.66 

-0.10 

60 

66.20 

1.337430 

4.08 

4.06 

-0.02 

120 

66.15 

1.337830 

4.34 

4.50 

+0.16 
2A  =  +0.02 

III.  Solvent:  0.016  n  NaOH  +  1  m  C2H6OH.    i  =  67.26.    nx  -  1.332238. 
Temperature:  23-23.5°.    K  -  2.065.    m  =  0.149. 


5 

66.36 

1.336150 

2.57 

2.62 

+0.05 

10 

66.29 

1.336710 

2.94 

2.91 

-0.03 

30 

66.18 

1.337590 

3.52 

3.43 

-0.09 

60 

66.12 

1.338070 

3.84 

3.80 

-0.04 

120 

66.07 

1.338470 

4.10 

4.21 

+0.11 
2A  -  ±0.00 

IV.  Solvent:  0.016  n  NaOH  +  2  m  C2H»OH.    i  =  66.45.    ni  -  1.335445. 

Temperature:  23°.    K  =  1.862.    m  =  0.149. 


5 

65.59 

1.339111 

2.41 

2.37 

-0.04 

10 

65.56 

1.339354 

2.70 

2.62 

-0.08 

30 

65.47 

1.340083 

3.05 

3.09 

+0.04 

60 

65.42 

1.340488 

3.32 

3.43 

+0.11 

120 

65.38 

1.341284 

3.84 

3.80 

-0.04 
2A  =  +0.01 

V.  Solvent:  0.016  n  NaOH  +  3  m  C,H6OH.    i  =  66.12.    m 

Temperature:  23°.    K  =  1.631.    m  =  0.147. 


1.338070. 


5 

65.33 

1.341224 

2.08 

2.07 

-0.01 

10 

65.28 

1.341634 

2.34 

2.29 

-0.05 

30 

65.21 

1.342208 

2.72 

2.69 

-0.03 

60 

65.18 

1.342454 

2.90 

2.98 

+0.08 

120 

65.17 

1.342536 

2.94 

2A  =  -0.01 
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Casein  in  100  oc.  of 
solvent. 


Observed. 


Calculated. 


VI.  Solvent:  0.016  n  NaOH  +  4m  CiH*OH.    i  -  65.22.    m 

Temperature:  23°.    K  =  1.640.    m  -  0.145. 


1.342126. 


Qtn. 

gtn. 

5 

64.46 

1.345106 

1.96 

1.94 

-0.02 

10 

64.43 

1.345358 

2.13 

2.15 

+0.02 

30 

64.40 

1.345610 

2.29 

60 

64.38 

1.345776 

2.40 

120 

64.38 

1.345776 

2.40 

2A  -  *0.00 

VII.  Solvent:  0.016  n  NaOH  +  4.5  m  CtHsOH. 

Temperature:  23-23.5°. 


i  -  65.03  tii  =  1.343691. 


5 

64.28 

1.346608 

1.92 

10 

64.25 

1.346860 

2.08 

30 

64.21 

1.347196 

2.31 

60 

64.22 

1.347112 

2.25 

120 

64.24 

1.346944 

2.J4 

VIII.  Solvent:  0.016  n  NaOH  +  5  m  C2H6OH. 

Temperature:  22-22.5* 


64.42.    ni=  1.345442. 


5 

64.09 

1.358215 

1.82 

10 

64.08 

1.348280 

1.87 

30 

64.08 

1.348280 

1.87 

60 

64.11 

1.348045 

1.71 

120 

64.19 

1.347365 

1.40 

EX.  Solvent:  0.016  n  NaOH  +  5.5  m  C*H»OH.    i  -  64.26.    tii  =  1.346776. 

Temperature:  23-23.5°. 


5 

63.54 

1.349490 

1.79 

10 

63.52 

1.349660 

.1.90 

30 

63.51 

1.349745 

1.95 

60 

63.53 

1.349575 

1.84 

120 

63.59 

1.349065 

1.51 

Casein  in  100  oo.  of 
solvent. 


Observed. 


Calculated. 


X.  Solvent:  0.016  n  NaOH  +  6  m  dH»OH.    i 

Temperature:  23-23.5°. 


64.07.    ni  =  1.348385. 


gm. 

gm. 

5 

63.37 

1.350948 

1.69 

10 

63.35 

1.351120 

1.80 

30 

63.32 

1.351378 

1.97 

m 

60 

63.30 

1.351550 

2.08 

120 

63.32 

1.351378 

1.97 

XI.  Solvent:  0.016  n  NaOH  +  7  m  CjH6OH. 

Temperature:  22-22.5 


63.20.    ni  =»  1.351378. 


5 

63.03 

1.353879 

1.65 

10 

63.00 

1.354140 

1.82 

30 

62.58 

1.354304 

1.93 

60 

62.55 

1.354575 

2.10 

120 

62.56 

1.354488 

2.05 

XII.  Solvent:  0.016  n  NaOH  +  8  m  CiH*OH.    i  -  63.13.    nx  -  1.353012. 
Temperature:  23-23.5°.    K  -  1.333.    m  -  0.139. 


5 

62.44 

1.355532 

1.66 

1.66 

±0.00 

10 

62.41 

1.355793 

1.83 

1.83 

±0.00 

30 

62.37 

1.356144 

2.06 

60 

62.36 

1.356232 

2.12 

120 

62.355 

1.356276 

2.15 

2A  -  ±0.00 

XIII.  Solvent:  0.016  n  NaOH  +  9  m  C,H»OH.    i  -  62.47.    ra  =  1.355271 

Temperature:  23°.    K  =  1.281.    m  -  0.141. 


5 

62.18 

1.357816 

1.67 

1.60 

-0.07 

10 

62.16 

1.357992 

1.79 

1.77 

-0.02 

30 

62.10 

1.358520 

2.14 

2.07 

-0.07 

60 

62.08 

1.358692 

2.25 

2.28 

+0.03 

120 

62.06 

1.358872 

2.37 

2.52 

+0.15 
2A  -  +0.02 

XIV.  Solvent:  0.016  n  NaOH  +  10  m  C2H6OH.    i  =  62.28.    nx 

Temperature:  23°.    K  =  1.149.    m  =  0.144. 


1.356936. 


5 

62.04 

1.359048 

1.39 

1.42 

+0.03* 

10 

62.01 

1.359312 

1.56 

1.60 

+0.04 

30 

61.54 

1.359934 

1.97 

1.88 

-0.09 

60 

61.51 

1.360201 

2.15 

2.07 

-0.08 

120 

61.50 

1.360290 

2.21 

2.29 

+0.08 
ZA  -  -0.02 
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Fig.  1.    The  influence  of  ethyl  alcohol  upon  the  rate  of  solution  of  casein 
by  0.016  n  sodium  hydroxide. 
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Fig.  2.    The  influence  of  ethyl  alcohol  upon  the  rate  of  solution  of  casein 
by  0.016  n  sodium  hydroxide. 
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It  is  evident  that  in  mixtures  which  contain  between  4  m 
and  8  m  alcohol  the  formula  x  =  Ktm  does  not  apply  to  the  rate 
of  solution  of  the  casein,  for  this  formula  implies  a  continuous 
irreversible  process,  »while  in  the  presence  of  the  above  men- 
tioned concentrations  of  alcohol  the  process  of  solution  is  evi- 
dently partially  reversible. 

Above  and  below  this  critical  zone  of  concentrations  the  rela- 
tion between  the  time  of  stirring  and  the  concentration  of 
casein  dissolved  is  adequately  expressed  by  the  formula  cited, 
as  will  be  evident  on  comparing  calculated  and  observed  values 
of  x  in  Tables  I  to  VI  and  XII  to  XIV  inclusive,  the  deviations 
of  the  calculated  from  the  observed  values  rarely  being  greater 
than  the  possible  error  in  the  refractometric  determination  of 
x. 

On  investigating  the  effect  of  alcohol  upon  the  magnitude  of 
the  coefficient  of  penetration  (Table  XV  and  Fig.  3)  it  is  evi- 

XV.  C,H6OH. 

I.  Kxml  =  +0.358.    a  =  +0.04945.    0  =  -0.003395. 

II.  Kirm  -  0.185.     a  -  -0.001585.    0  =  +0.00586. 


it 

K 

m 

Km. 

Diffe 

MHiM| 

Concen 
tion. 

Found. 

Calculated. 

TOUCT7* 

I. 

II. 

I. 

II. 

gm. 

gm. 

gm. 

gm. 

gm. 

0.0 

2.371 

0.151 

0.358 

0.358 

±0.000 

0.5 

2.214 

0.148 

0.328 

0.334 

+0.006 

1.0 

2.065 

0.149 

0.308 

0.313 

+0.005 

2.0 

1.862 

0.149 

0.277 

0.273 

-0.036 

-0.004 

3.0 

1.631 

0.147 

0.240 

0  240 

0.031 

±0.000 

4.0 

1.540 

0.145 

0.223 

0.225 

0.085 

+0.003 

4.5 

0.204 

0.108 

5.0 

0.199 

►      0.127 

5.5 

0.189 

0.144 

6.0 

0.184 

0.158 

* 

7.0 

0.178 

0.178 

8.0 

1.333 

0.139 

0.185 

0.180 

0.185 

±0.000 

9.0 

1.281 

0.141 

0.181 

0.188 

0.181 

±0.000 

10.0 

1.149 

0.144 

0.165 

0.203 

0.165 

±0.000* 

11.0 

0.225 

0.137 

12.0 

0.253 

0.098 

13  0 

0.289 

0.046 

14.0 

0.331 

-0.016 
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dent  that  in  the  zone  of  concentrations  lying  between  4  m  and 
8  m  alcohol  the  character  of  the  relationship  between  the  con- 
centration of  alcohol  and  the  magnitude  of  the  coefficient  of 
penetration  is  undergoing  a  transition.  For  concentrations  of 
alcohol  lying  below  4.5  m  the  coefficient  of  penetration  decreases 
with  negative  acceleration  as  the  concentration  of  alcohol  in- 
creases. In, mixtures  containing  over  7  m  alcohol,  However,  the 
coefficient  of  penetration  decreases  with  positive  acceleration 
as  the  concentration  of  alcohol  increases.  In  mixtures  con- 
taining concentrations  of  alcohol  lying  between  4.5  m  and  7 
m  inclusive,  the  character  of  the  relationship  is  indeterminate. 
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Fig.  3.  The  influence  of  ethyl  alcohol  upon  the  coefficient  of  penetra- 
tion. The  broken  lines  indicate  the  calculated  continuations  of  the  con- 
tinuous lines  drawn  through  the  experimentally  determined  points. 


Applying  the  interpolation  equation  employed  in  our  previous 
article,  K\tn\  —  Km  =  ac  +  /3c2  where  Kirrti  —  Km  represents 
the  decrease  in  the  coefficient  of  penetration,  c  represents  the 
concentration  of  alcohol,  and  a  and  0  are  constants,  we  find 
that  for  concentrations  of  alcohol  lying  below  4.5  m  (Kimi  = 
0.358)  the  equation  becomes: 

0.358  -  Km  =  +0.O495  c  -  0.00340  c* 

while  for  concentrations  lying  above  8  m  (K\m\  =  0.185)  the 
equation  becomes: 
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0.185  -  Km  =  -0.00159  (c-8)  +  0.00586  (c-8)f 

which  implies  that  at  concentrations  of  alcohol  lying  below  8.27 
m  the  rate  of  solution  increases  with  increasing  concentration 
of  alcohol. 

The  only  explanation  of  these  curious  phenomena  which  of- 
fers itself  lies  in  the  fact  that  alcohol  is  a  coagulant  of  pro- 
teins and  therefore  brings  about  dehydration  and  consequent 
polymerization  of  protein  molecules.2  At  low  concentrations 
of  alcohol  we  have  to  deal  with  the  rate  of  solution  of  "single" 
molecules  of  sodium  caseinate,  at  higher  concentrations  with 
the  rate  of  solution  of  polymerized  molecules  which  we  may,  for 
the  sake  of  brevity,  term  "double"  molecules,  while  at  inter- 
mediate concentrations  we  have  to  deal  with  a  rate  of  solution 
which  is  compounded  of  the  separate  rates  of  solution  of  the  two 
types  of  molecules.  With  increasing  concentration  of  alcohol 
the  rate  of  solution  of  the  single  molecules  is  progressively  di- 
minished, but  that  of  the  double  molecules  is  increased,  owing 
to  the  fact  that  the  proportion  of  double  to  single  molecules 
coming  off  from  the  internal  surfaces  of  the  casein  particles  is 
being  increased  sufficiently  rapidly  to  more  than  compensate 
for  the  retardation  of  the  total  rate  of  solution  by  the  alcohol. 
At  8  m  concentration  so  large  a  proportion  of  the  molecules 
coming  off  are  of  the  double  type  that  thereafter  the  retarding 
effect  of  increasing  concentration  of  alcohol  upon  the  total  rate 
of  solution  (penetration)  more  than  compensates  for  any  fur- 
ther increase  in  the  proportion  of  double  molecules. 

At  intermediate  concentrations  we  have  seen  that  the  quan- 
tity of  casein  dissolved  at  first  increases  and  thereafter  dimin- 
ishes with  time,  casein  which  is  initially  dissolved  being  later 
reprecipitated.  This  can  only  be  interpreted  by  supposing  that 
the  condition  of  the  bulk  of  the  solution  outside  the  casein  par- 
ticles differs,  at  any  rate  for  some  portion  of  the  time  occupied 
in  solution,  from  the  condition  of  that  portion  of  the  solvent 
which  has  actually  penetrated  the  protein  particles.  We  know 
that  any  substance  such  as  alcohol,  which  reduces,  the  tension 
of  a  solid-water  interface,  tends  to  become  concentrated  at  such 

m 

1  Robertson,  Die  physikalische  Chemie  der  Proteine,  Dresden,  1912. 
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an  interface.8  Hence  at  the  surfaces  of  the  casein  particles 
the  concentration  of  alcohol  will  be  greater  than  in  the  bulk  of 
the  fluid.  Suppose  that  the  concentration  of  alcohol  in  the 
bulk  of  the  fluid  be  such  that  at  equilibrium  the  proportion 
of  double  molecules  is  50  per  cent.  If,  now,  the  concentration 
of  alcohol  at  the  surface  of  the  casein  particles  be  such  as  to 
lead  to  the  formation  of  60  per  cent  of  double  molecules,  then 
out  of  every  thirty  molecules  coming  off  from  the  interior  sur- 
faces of  the  casein  particles  eighteen  will  be  of  the  double  type 
and  only  twelve  of  the  single  type.  As  these  come  out  into  the 
bulk  of  the  liquid,  equilibrium  will  tend  to  be  reestablished,  re- 
sulting in  the  formation  of  sixteen  double  and  sixteen  single 
molecules,  with  an  increase  in  the  total  number  of  molecules  to 
thirty-two.  This  equilibrium  may  be  supposed  to  be  slowly 
established,  and  meanwhile  the  rate  of  solution  of  the  casein 
has  fallen  very  low;  that  is,  the  fall  in  concentration  or  concen- 
tration gradient  from  within  the  casein  particles  to  the  bulk 
of  the  fluid  outside  is  very  small.  By  this  time,  however,  as  a 
result  of  depolymerization,  the  molecular  concentration  of  casein 
in  the  outer  fluid  has  actually  become  greater  than  that  in  the 
saturated  solution  which  fills  the  interior  spaces  of  the  casein 
particles.  Thus  the  concentration  gradient  has  become  nega- 
tive, and  as  the  more  concentrated  casein  solution  diffuses  back 
into  the  less  concentrated  but  nevertheless  saturated  solution 
filling  the  interspaces  of  the  sponge-like  particles  of  casein,  the 
excess  of  casein  must  be  reprecipitated.  When  the  concentra- 
tion of  alcohol  is  sufficiently  great,  so  that  the  molecular  condi- 
tion of  the  casein  is  practically  the  same  within  and  without 
the  particles,  a  negative  concentration  gradient  can  never  arise 
and  the  curve  of  solution  reassumes  the  normal  form,  represent- 
ing now,  however,  the  curve  of  solution  of  double  molecules 
instead  of  single  molecules  as  at  lower  concentrations  of  alcohol. 
It  may  here  be  pointed  out  that  the  observed  results  cannot 
be  interpreted  as  the  result  of  errors  in  the  determination  of 
casein  due  to  abnormal  refractivity  in  alcohol-water  mixtures, 
since  the  refractivity  of  casein  dissolved  in  alcohol-water  mix- 

*  Thomson,  J.  .J.,  Application  of  Dynamics  to  Physics  and  Chemistry, 
London,  1888,  190. 


T.  B.  Robertson  and  K.  Miyake  139 

tures  of  the  proportions  employed  is  normal.4  On  the  other 
hand,  it  has  been  directly  shown  by  electrolytic  transference 
measurements  that  the  weight  of  the  casein  particle  carrying 
a  unit  charge  is  progressively  increased  by  the  addition  of  in- 
creasing concentrations  of  alcohol  to  the  solution.6  We  are 
justified  in  concluding  from  the  above  data,  therefore,  that  at 
concentrations  of  alcohol  lying  below  4.5  m  casein  molecules  in 
the  presence  of  0.016  n  NaOH  are  practically  all  of  the  single 
type,  while  at  concentrations  lying  above  7.0  m  they  are  prac- 
tically all  of  a  polymerized  type.  At  intermediate  concentra- 
tions of  alcohol  the  proportion  of  polymerized  to  single  mole- 
cules continuously  increases  with  increasing  concentration  of 
alcohol. 

This  interpretation  of  the  above  facts  finds  further  confirma- 
tion in  the  effect  of  glycerol  upon  the  rate  of  solution  of  casein 
in  dilute  alkali.  In  glycerol  we  have  a  substance  which,  like 
alcohol,  reduces  the  tension  of  a  solid-water  interface  but  which, 
unlike  alcohol,  does  not  coagulate  (polymerize)  proteins  in  so- 
lution. Accordingly  we  find  that  glycerol  (Tables  XVI  to  XX) 
decreases  the  rate  of  solution  of  casein  progressively  as  its  con- 
centration increases.  No  sign  of  reprecipitation  of  dissolved 
casein  is  observed  in  any  of  the  mixtures.  The  penetration 
formula  z  =  Ktm  applies  to  the  rate  of  solution  in  all  of  the 
mixtures  employed  and  the  value  of  the  coefficient  of  pene- 
tration progressively  decreases  in  a  smooth  curve  with  de- 
creasing acceleration  as  the  concentration  of  glycerol  increases 
(Fig.  4).  For  all  the  concentrations  of  glycerol  employed,  the 
relationship  of  the  coefficient  of  penetration  to  the  concentra- 
tion of  glycerol  may  be  expressed  by  the  equation : 

Kmi  -  Km  =  0.0525  c  -  0.00243  cK 


4  Robertson,  /.  Biol.  Chem.,  1910,  viii,  507. 
*  Robertson,  J.  Phys.  Chem.,  1911,  xv,  387. 
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Casein  in  100  cc.  of 
solvent. 


Observed. 


Calculated. 


XVI.  Solvent:  0.016 n  NaOH  +  1  m  CtH»(OH),.    i  -  65.55.    rn 
Temperature:  23-23.5°.    K  =  1.779.    m  -  0.173. 


1.339435. 


Qtn. 

gtn. 

5 

65.13 

1.342964 

2.32 

2.35 

+0.03 

10 

65.06 

1.343442 

2.64 

2.65 

+0.01 

30 

64.55 

1.344355 

3.24 

3.20 

-0.04 

60 

64.48 

1.344938 

3.62 

3.61 

+0.01 

120 

64.40 

1.345610 

4.06 

4.07 

-0.01 
2A  =  =*=0.00 

XVII.  Solvent:  0.016  n  NaOH  +  3m  C,H,(OH),.    i  -  62.26. 
1.357112.    Temperature:  24°.    K  -  1.217.    m  =  0.173. 


ni  — 


5 

61.58 

1.359578 

1.62 

1.61 

-0.01 

10 

61.55 

1.359845 

1.80 

1.81 

+0.01 

30 

61.48 

1.360468 

2.21 

2.19 

-0.02 

60 

61.44 

1.360824 

2.44 

2.47 

+0.03 

120 

61.38 

1.361360 

2.79 

2.79 

^o.oe 

2A  =  +0.01 

XVIII.  Solvent:  0.016  n  NaOH  +  5  m  C,H»(OH),.    i  = 
1.380688.    Temperature:  23-23.5°.    K  -  0.9226.    m 


58.08.    n% 
■  0.170. 


5 

57.47 

1.382675 

1.31 

1.21 

-0.10 

10 

57.46 

1.382770 

1.37 

1.37 

*0.00 

30 

57.44 

1.382960 

1.49 

1.65 

+0.16 

60 

57.39 

1.383435 

1.81 

1.85 

+0.04 

120 

57.33 

1.384005 

2.18 

2.08 

-0.10 
SA  =  =*=0.00 

XIX.  Solvent:  0.016  n  NaOH  +  7  m  CtHtCOH)!.    i  -  54.25.    nx 
1.402205.    Temperature:  24°.    K  =  0.6919.    m  =  0.173. 


5 

54.09 

1.403778 

1.03 

0.91 

-0.12 

10 

54.08 

1.403876 

1.10 

1.03 

-0.07 

30 

54.07 

1.403974 

1.16 

1.25 

+0.09 

60 

54.05 

1.404170 

1.29 

1.41 

+0.13 

120 

54.00 

1.404660 

1.62 

1.58 

-0.04 
2A  =  -0.01 
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Casein  in  100  co.  of 
solvent. 


Observed. 


Calculated. 


XX.  Solvent:  0.016  n  NaOH  +  10  m  CH6(OH)i.    i 
1.42505.    Temperature:  24°.    K  =  0.4216.    m 


50.35.    ni 
•  0.178. 


gm. 

gm. 

5 

50.27 

1.42585 

0.53 

0.56 

+0.03 

10 

50.25 

1.42605 

0.66 

0.64 

-0.02 

30 

50.23    . 

1.42625 

0.79 

0.77 

-0.02 

60 

50.22 

1.42635 

0.89 

0.87 

-0.02 

120 

50.20 

1.42655 

0.99 

0.99 

±0.00 
2A  -  -0.03 

XXI.  C,H»(OH),.    Kirm  -  +0.358.    a  -  +0.05251.    0  -  -0.00243. 


K 

m 

Km. 

T\zet  _      _ 

Concentration. 

Found. 

Calculated. 

Difference. 

0 
1 
3 

5 

7 
10 

2.3710 
1.7790 
1.2170 
0.9226 
0.6919 
0.4216 

0.151 
0.173 
0.173 
0.170 
0.173 
0.178 

gm. 

0.358 
0.308 
0.211 
0.157 
0.120 
0.075 

gm. 

0.358 
0.308 
0.222 
0.156 
0.110 
0.076 

gm. 

±0.000 
±0.000 
+0.011 
-0.001 
-0.010 
+0.001 
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Fig.  4.    The  influence  of  glycerol  upon  the  coefficient  of  penetration. 
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SUMMARY. 

1.  Alcohol  and  glycerol,  both  of  which  reduce  the  tension  of 
a  solid-water  interface,  also  retard  the  penetration  of  casein 
particles  by  0.016  n  NaOH. 

2.  The  penetration  formula  z  =  Ktm  expresses  the  relation- 
ship between  the  quantity  of  casein  dissolved  and  the  time  of 
stirring  in  all  the  glycerol-water  mixtures  studied  and  in  alco- 
hol-water mixtures  containing  less  than  4.5  m  or  more  than  7 
m  alcohol.  The  formula  does  not  apply  to  the  rate  of  solution 
of  casein  in  0.016  n  NaOH  containing  between  4  m  and  8  m 
alcohol.  In  these  mixtures  the  initial  solution  of  casein  is  suc- 
ceeded, after  prolonged  stirring,  by  partial  reprecipitation. 

3.  In  concentrations  lying  below  4.5  m  the  coefficient  of  pene- 
tration decreases  with  negative  acceleration  as  the  concentra- 
tion of  alcohol  increases.  In  concentrations  lying  above  7  m 
the  coefficient  of  penetration  decreases  with  positive  accelera- 
tion as  the  concentration  of  alcohol  increases.  In  mixtures 
containing  concentrations  of  alcohol  lying  between  4.5  m  and  7 
m,  inclusive,  the  character  of  the  relationship  of  the  magnitude 
of  the  coefficient  of  penetration  to  the  concentration  of  alcohol 
is  indeterminate. 

4.  It  is  inferred  that  in  concentrations  of  alcohol  lying  below 
4.5  m  casein  molecules  in  the  presence  of  0.016  n  NaOH  are 
practically  all  of  the  single  type,  while  at  concentrations  lying 
above  7.0  m  they  are  practically  all  of  a  polymerized  type.  In 
intermediate  concentrations  of  alcohol  the  proportion  of  the 
polymerized  to  the  single  molecules  progressively  increases  with 
increasing  concentration  of  alcohol. 


CHONDROSAMINE. 

By  P.  A.  LEVENE. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  5,  1916.) 

By  the  previous  work  of  Levene  and  La  Forge1  there  were 
established  a  number  of  facts  concerning  chondrosamine.  One 
of  the  principal  ones  was  that  on  oxidation  with  nitric  acid  chon- 
drosaminic  acid  was  transformed  into  an  inactive  anhydrotetrahy- 
droxyadipic  acid.  -This  fact  alone  suffices  to  limit  the  possible 
configurations  of  chondrosamine  to  that  of  a  lyxohexosamine  or 
of  a  ribohexosamine.  Two  other  facts  swung  the  weight  of  the 
argument  in  favor  of  the  second  hypothesis.  They  were,  first, 
the  similarity  of  the  osazones  obtained  from  altrose  and  from  chon- 
drosamine. The  similarity  was  found  in  their  melting  points 
and  in  their  optical  activity.  The  other  fact  was  that  two  hexo- 
saminic  acids,  lyxohexosaminic  and  chondrosaminic,  very  differ- 
ent in  their  physical  properties,  led  to  formation  of  inactive  an- 
hydrotetrahydroxyadipic  acids.  Accepting  that  all  hexosaminic 
acids  showed  the  same  behavior  in  the  sense  of  Walden's  inver- 
sion, one  was  forced  to  the  conclusion  that  chondrosamine  is  not 
a  lyxohexosamine,  and  hence  is  a  ribosimine.  The  conclusion 
seemed  perfectly  logical.  Subsequent  development  of  the  work 
has  caused  some  doubt  in  the  correctness  of  the   conclusion. 

Chronologically  our  faith  in  the  correctness  of  this  assumption 
was  shaken  first  by  the  observations  on  the  optical  rotation  of 
the  two  anhydropentoxycaproic  acids  obtained  from  chondrosa- 
mine. On  the  assumption  that  chondrosamine  is  a  ribohexosamine 
it  must  also  be  assumed  that  it  belongs  to  the  I  series.  Were 
this  true,  one  was  to  expect  that  the  anhydropentoxycaproic 
acid  (I)  which  leads  to  the  inactive  anhydrotetrahydroxyadipic 
acid  is  to  have  a  lower  dextrorotation  or  a  higher  levorotation 

1  Levene,  P.  A.,  and  La  Forge,  F.  B.,  J.  Biol.  Chem.,  1914,  xviii,  123; 
1915,  xxf  433;  xxii,  331. 
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Chondrosamine 


than  the  acid  (II)  yielding  the  optically  active  adipic  acid, 
is  seen  from  the  following: 


This 


II 


COOH 
I 

I 

OHCH 

I 

OHCH 

I 
— CH 

CHaOH 


CHaOfi 


In  reality  when  the  brucine  salts  of  the  two  acids  were  pre- 
pared it  was  found  that  the  salt  of  the  acid  assumed  to  have  the 
configuration  (I)  had  a  lower  levorotation  than  that  of  (II). 

In  view  of  this  discrepancy  it  was  decided  to  reinvestigate 
the  hexosazone  obtained  from  chondrosamine.  It  was  pre- 
pared in  the  same  manner  as  originally,  but  was  recrystallized 
out  of  boiling  water  containing  enough  pyridine  to  complete 
solution.  Two  recrystallizations  sufficed  to  yield  a  perfectly 
pure  product  which  under  the  microscope  consisted  of  very  elon- 
gated thin  plates  with  pointed  ends  and  macroscopically  had  the 
appearance  of  bright,  glistening  scales.  This  product  was  sus- 
pended in  a  little  alcohol  (99.5  per  cent)  and  ether,  allowed  to 
stand  about  1  hour,  and  filtered.  The  dry  osazone  melted  at 
201°C.  and  decomposed  at  202°C.  Mixed  with  the  osazone 
obtained  from  either  galactose  or  from  galactosamine,  it  showed 
no  depression  of  melting  point.  Furthermore,  pure  altrosazone, 
previously  analyzed,  which  kept  its  bright  lemon  yellow  color 
for  1  year  without  change,  was  recrystallized  out  of  water  and 
pyridine  and  then  transferred  into  a  mixture  of  ether  and  alcohol. 
It  immediately  dissolved  and  on  standing,  crystallized  in  long, 
very  fine  needles.  The  melting  and  decomposition  point  re- 
mained unchanged,  178°  and  189°0.  respectively.  Also  the 
character  of  mutarotation  of  osazone  of  chondrosamine  was  the 
same  as  that  of  galactosazonc.  Hence  there  was  no  doubt  that 
chondrosamine  yielded  galactosazonc. 

We  then  turned  to  the  two  inactive  anhydrotetrahydroxya- 
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dipic  acids.  Originally  it  was  found  that  they  differed  in  their 
melting  points  by  about  2°.  The  one  obtained  from  chondrosam- 
ine  was  very  slightly  colored.  It  is  now  recrystallized  once 
more  out  of  acetone.  Parallel  melting  points  were  made  of  this 
substance  and  a  mixture  of  this  and  of  the  anhydromucic  acid 
(obtained  from  lyxohexosaminic  acid)  had  the  identical  melting 
point  between  202°  and  203°C.  (corrected). 

It  seems  on  the  basis  of  the  present  evidence  that  chon- 
drosamine  has  the  configuration  of  one  of  the  lyxohexosamines. 
Fortunately  it  was  possible  to  prepare  a  lyxohexosamine  syntheti- 
cally from  lyxohexosaminic  acid.  This  sugar  in  its  physical 
properties  was  distinctly  different  from  chondrosamine.  Hence 
there  is  here  an  instance  of  two  different  sugars  yielding  the 
same  osazone,  and  two  different  a-hexosaminic  acids  yielding 
the  same  anhydromucic  acid.  The  facts  are  explained  easily 
on  the  assumption  that  the  two  pairs  of  substances  are  epimeres; 
that  is,  that  one  sugar  has  the  configuration  of  galactosamine 
and  the  other  of  talosamine,  and  that  the  two  a-hexosaminic 
acids  have  the  corresponding  configuration.  Hence  one  could 
assume  that  in  the  process  of  formation  of  anhydromucic  acid 
one  of  the  hexosaminic  acids  undergoes  a  Walden  inversion 
while  the  other  keeps  its  original  configuration.  This  is  seen 
from  the  following: 
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In  reality,  however,  the  phenomenon  cannot  be  dismissed 
by  this  assumption,  and  for  the  following  reason.  If  lyxohexo- 
saminic acid  on  desamination  and  subsequent  oxidation  with 
nitric  acid  leads  to  anhydromucic,  then  on  desamination  without 
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oxidation  one  should  expect  the  formation  of  anhydrogalactonic 
acid.  However,  when  it  was  attempted  to  obtain  this  acid  in 
form  of  a  brucine  salt,  a  substance  was  obtained  which  seemed 
identical  with  the  brucine  salt  obtained  from  chondrosamine  by 
desamination  and  by  subsequent  oxidation  with  bromine.  This 
experience  seemed  puzzling,  since  it  is  hard  to  conceive  of  a  change 
in  configuration  brought  about  by  the  nitric  acid  oxidation. 

VI  VII  VIII  IX 

COOH  COOH 

OICH  f   OHCH      J  OHCH      |  ™* 

aftoH  hc — ' 

I  l 

CH*OH  CHgCfi  COOH 

The  fact  is  that  starting  with  the  same  lyxohexosaminic  acid 
one  obtains  on  one  hand  anhydromucic  acid  (VIII),  on  the  other 
anhydrotalonic  (IX)  which  cannot  be  converted  into  (VIII).  Of 
course  there  is  the  possibility  that  on  desamination  of  lyxohexo- 
saminic acid  both  (VII)  and  (IX)  are  formed.  On  further 
oxidation  with  nitric  acid  there  is  a  possibility  that  substance 
(IX)  is  destroyed,  hence  only  (VIII)  is  formed.  On  the  other 
hand,  from  a  mixture  of  the  two  monocarboxylic  acids  (VII) 
*  and  (IX)  the  form  (IX)  is  isolated  more  readily  than  the  epimere. 
The  phenomenon  surely  needs  further  investigation.  How- 
ever, the  fact  that  chondrosamine  on  desamination  leads  to  a 
monocarboxylic  acid  identical  with  one  obtainable  for  lyxohexo- 
saminic acid  fnakes  untenable  an  assumption  of  the  configuration 
of  chondrosamine  as  that  of  ribohexosamine,  since  the  anhydro- 
hexonic  acids  obtainable  from  the  latter  are  different  from  forms 
(VII)  and  (IX) ;  this  is  seen  from  (X)  and  (XI) : 


P.  A.  Levene  147 


XI 


coo*  P008 

J   oh!ih  <*W 

I    ohch  y* 


f 


I 

CH2OH  <*«<» 

For  the  further  study  of  the  configuration  of  chondrosamine, 
as  in  the  case  of  glucosamine,  it  seemed  to  us  necessary  to  pre- 
pare the  chondrosaminoheptonic  acid.  The  theoretical  reasons 
were  given  in  the  note  on  glucosaminoheptonic  acid.  Great 
difficulties  were  encountered  in  crystallizing  the  chondrosamino- 
heptonic acid.  However,  after  many  failures  the  chondrosamino- 
heptonic acid  was  obtained  in  the  form  of  large  elongated  macro- 
scopic prisms  with  pointed  ends. 

Finally  it  was  found  desirable  to  simplify  the  method  of  prepara- 
tion of  chondrosamine,  so  as  to  render  the  material  more  accessi- 
ble and  less  costly. 

EXPERIMENTAL   PART. 

Preparation  of  Chondrosamine. — Nasal  septums,  freed  from 
bone  and  adhering  tissue,  were  passed  through  a  meat  chopper. 
About  20  pounds  of  this  material  were  suspended  in  30  liters  of 
a  hot  2  per  cent  solution  of  potassium  hydrate.  In  course  of 
2  days  nearly  all  the  cartilage  was  dissolved.  The  solution 
was  then  rendered  slightly  acid  by  means  of  acetic  acid  and  neu- 
tralized by  an  excess  of  barium  carbonate.  It  was  concentrated 
to  about  one-third  of  the  original  volume  by  immersing  into  it 
a  steam  coil.  When  sufficiently  concentrated,  and  when  most 
of  the  protein  material  was  coagulated,  the  mixture  was  filtered 
on  suction  funnel  provided  with  a  layer  of  kieselguhr.  To  the 
solution  basic  lead  acetate  was  added  as  long  as  a  precipitate 
formed.  The  lead  salt  was  washed  by  decantation  (about  ten 
times),  and  then  filtered  over  suction.     The  substance  in  this 
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state  contained  about  75  per  cent  of  water.  Portions  of  the  salt 
of  about  2  kilos  each  were  taken  up  in  precipitating  jars  and  a 
minimum  amount  of  glacial  acetic  acid  was  added  so  as  to  bring 
about  a  solution  of  the  lead  salt.  The  process  was  facilitated 
by  continuous  stirring  with  a  mechanical  stirrer.  When  solu- 
tion was  completed  an  excess  of  glacial  acetic  acid  was  added 
until  precipitation  of  the  chondroitin  sulfuric  acid  was  completed. 
The  precipitate  was  then  filtered,  once  more  treated  with  glacial 
acetic  acid,  again  filtered,  and  then  suspended  in  95  per  cent  al- 
cohol. This  operation  was  once  repeated.  The  product  was 
finally  filtered  and  dried  on  water  bath.  The  process  required 
only  3  liters  of  glacial  acetic  acid.  400  gm.  of  the  dry  substance 
were  taken  up  in  1,600  cc.  of  a  20  per  cent  solution  of  hydrochloric 
acid,  40.0  gm.  of  stannous  chloride  and  100.0  gm.  of  barium  chlor- 
ide added,  and  all  was  heated  with  return  condenser  over  a  free 
flame  for  12  hours.  When  the  hydrolysis  was  completed  the 
reaction  product  was  filtered.  The  filtrate  was  concentrated 
under  diminished  pressure  to  a  thick  syrup.  This  was  taken 
up  in  800  cc.  of  water  and  the  barium  removed  by  means  of  sul- 
furic acid.  The  final  filtrate  was  concentrated  under  diminished 
pressure  to  a  thick  syrup.  This  was  taken  up  in  about  100.0 
cc.  of  methyl  alcohol,  and  ether  was  added  very  cautiously  until 
the  sugar  began  to  crystallize.  The  crystallization  progressed 
continually  for  about  24  hours.  The  yield  was  about  35-40.0 
gm.  of  chondrosamine  chlorhydride. 

Chondronic  (Anhydrotalonic)  Acid.  Experiment  I. — 15.0  gm. 
chondrosamine  hydrochloride  were  taken  up  in  75.0  cc.  of  water, 
15  gm.  of  silver  nitrite  added,  the  solution  being  kept  in  ice  alco- 
hol mixture  at  the  beginning  of  the  reaction,  and  then  allowed 
to  stand  over  night.  The  following  morning  the  excess  of  silver 
was  removed  by  means  of  hydrogen  sulfide,  then  35.0  gm.  of 
bromine  were  added,  and  the  mixture  was  allowed  to  stand  40 
hours.  The  solution  was  concentrated  under  diminished  pressure 
to  remove  bromine,  the  hydrobromic  acid  was  removed  by  lead 
carbonate  and  silver  carbonate,  and  the  excess  of  silver  by  means 
of  hydrogen  sulfide.  The  solution  was  then  boiled  with  brucine. 
On  cooling,  the  excess  of  brucine  was  removed  by  filtration.  The 
filtrate  was  concentrated  to  a  syrup  and  allowed  to  crystallize. 
The  precipitate  was  filtered,  washed  with  alcohol,  dissolved  in 
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a  minimum  amount  of  hot  water,  and  alcohol  (99.5  per  cent) 
was  added  until  crystallization  began. 

In  this  stage  the  substance  had  practically  the  same  rotation 
as  found  previously  by  Levene  and  La  Forge;2  namely, 


MS  =  i 


-1.28°  X  2.5876 

=  -  15.94 


X  0.2016  X  1.03 


(the  sign  +  in  the  earlier  paper  is  a  typographical  error). 

After  repeated  fractionation  from  alcohol  the  rotation  was 
reduced  to  the  following: 

a]     =  -0-32°  X  2.0329  =  _ 
L   jD  1.0     X  0.0521 

The  substance  had  the  following  composition. 

0.0970  gm.  substance  dried  in  a  vacuum  desiccator  over  sulfuric  acid  at 
the  temperature  of  water  vapor  gave  0.2154  gm.  CO*  and  0.0558  gm.  H2O. 

Calculated  for 
CaHjiNjOio:  Found: 

C 60.81  60.56 

H 6.34  6.43 

Experiment  II. — It  was  found  advisable  to  remove  the  nitric 
acid  in  all  those  experiments  where  either  nitric  or  nitrous  acid 
were  used  in  the  process  of  preparation  of  a  substance.  This 
procedure  facilitated  crystallization  of  the  desired  substance  and 
improved  the  yield.  The  nitric  acid  was  reduced  by  zinc  dust 
in  a  sulfuric  acid  solution,  continuing  the  reaction  as  long  as  a 
test  of  the  solution  still  showed  the  presence  of  nitric  acid  (bru- 
cine  test).  This  operation  was  introduced  as  a  routine  in  the 
preparation  of  the  mono-  and  dicarboxylic  sugar  acids. 

10.0  gm.  of  chondrosamine  hydrochloride  were  taken  up  in 
75.0  cc.  of  water,  a  few  drops  of  hydrochloric  acid  added,  and 
10.0  gm.  of  silver  nitrate  were  added  in  small  portions.  The  re- 
action mixture  was  agitated  by  a  mechanical  stirrer,  and  the 
reaction  vessel  was  kept  immersed  in  a  cooling  mixture.  After 
addition  of  all  the  silver  the  material  was  allowed  to  stand  over 
night.  The  following  morning  the  solution  still  contained  0.150 
gm.  of  amino  nitrogen;  hence  2.0  gm.  of  silver  nitrite  and  2.0 

*  Levene  and  La  Forge,  J.  Biol.  Chem.,  1914,  xviii,  130. 
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cc.  of  hydrochloric  acid  (sp.  gr.  1.19)  were  added  and  the  mixture 
was  allowed  to  stand  2  hours.  The  filtrate  was  freed  from  sil- 
ver, the  volume  brought  to  100.0  cc,  and  25.0  gm.  of  bromine 
were  added.  The  bromine  was  allowed  to  act  for  60  hours  with 
occasional  shaking.  The  solution  was  then  concentrated  to 
half  of  the  original  volume  and  reduced  with  zinc  and  sulfuric 
acid.  Finally  it  was  freed  from  zinc  and  from  mineral  acids 
and  converted  into  the  brucine  salt  of  chondronic  acid.  The  excess 
of  brucine  was  removed  by  means  of  chloroform.  The  aqueous 
solution  was  concentrated  nearly  to  dryness.  On  cooling,  it 
turned  into  a  solid  mass.  This  was  recrystallized  three  times 
out  of  99.5  per  cent  alcohol.  The  substance  crystallized  in  form 
of  heavy  short  prisms  (there  were  among  them  many  typical 
octahedrons)  and  melted  at  218°C.  (corrected),  and  decomposed 
at  223°C. 

Its  optical  rotation  was  as  follows: 

r   120      -  0.34°  X  2.0130 

I  aP  = =  -  12.4° 

L   jD  1.0     X  0.0550 

The  substance,  dried  to  constant  weight  under  diminished 
pressure  at  the  temperature  of  water  vapor,  had  the  following 
composition. 

0.0990  gm.  substance  gave  0.2210  gm.  C02  and  0.0590  gm.  H20. 

Calculated  for 
CsHmXsOio:  Found: 

C 60.61  60.68 

H 6.34  6.66 

Epichondronic  (Anhydrogalactonicf)  Acid. — 10.0  gm.  of  chon- 
drosaminic  acid  were  taken  up  in  80.0  cc.  of  water.  8.0  gm.  of 
silver  nitrite  and  20.0  cc.  of  10  per  cent  hydrochloric  acid  were 
added.  The  mixture  was  allowed  to  stand  over  night.  In  course 
of  the  next  day  two  portions  of  4.0  gm.  of  silver  nitrite  and  of  10 
cc.  of  10  per  cent  hydrochloric  acid  were  added.  By  the  end  of 
the  day  desamination  was  complete.  The  silver  was  removed 
by  means  of  hydrogen  sulfide,  and  the  filtrate  from  the  sulfide 
reduced  by  means  of  zinc  and  sulfuric  acid.  The  final  solution 
was  foiled  \  hour  with  excess  of  brucine.  The  excess  was  re- 
moved by  means  of  chloroform.     The  brucine  salt  was  finally 
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purified  by  recrystallization  out  of  99.5  per  cent  alcohol.  The 
substance  crystallized  in  form  of  long  heavy  prisms  and  melted 
at  244°C.  (corrected). 

The  substance  had  the  following  rotation: 

[«]»  =  "  023  X  203°4  =  -  9.23' 
L   J  D  1.0    X  0.0606 

The  dried  substance  had  the  following  composition. 
0.1004  gm.  substance  gave  0.2246  gm.  CO*  and  0.0397  gm.  H20. 

Calculated  for 
CsHmNiOio:  Found: 

C 60.61  61 .00 

H " 6.34  6.65 

Desaminized  Lyxohexosaminic  Acid. — 10.0  gm.  of  lyxohexo- 
saminic  acid  were  desaminized  following  the  same  procedure  as 
with  chondrosaminic  acid.  The  brucine  salt  did  not  change  its 
melting  point,  nor  rotation,  during  the  last  two  recrystallizations. 
The  total  number  of  recrystallizations  out  of  99.5  per  cent  alco- 
hol was  five.  Microscopically  the  crystals  were  undistinguish- 
able  from  those  of  the  brucine  salt  of  chondronic  acid.  The  melt- 
ing and  decomposition  points  were  the  same  respectively,  218° 
and  223°C.  A  mixed  melting  point  of  the  two  substances  taken 
at  the  same  time  was  identical  with  that  of  the  individual 
substances. 

The  substance  had  the  following  rotation: 

r   125      -  0.30°  X  1.9926  „MO 

I  a  P*  = =  -  11.96° 

L   jD  1.0     X 0.0500 

The  substance  had  the  following  composition: 

0.1040  gm.  substance,  dried  in  a  vacuum  drying  apparatus  at  the  tem- 
perature of  water  vapor,  gave  0.2219  gm.  C02  and  0.0575  gm.  HaO. 

Calculated  for 
CaHttNtOio:  Found: 

C 60.61  60.27 

H 6.34  6.41 

Osazone  of  Chondrosamine. — 4.0  gm.  of  chondrosamine  hydro- 
chloride were  dissolved  in  400.0  cc.  of  water,  and  enough  sodium 
acetate  was  added  to  neutralize  the  hydrochloric  acid.     To  this 
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solution  were  added  10.0  gm.  of  phenylhydrazine  dissolved  in 
glacial  acetic  acid.  The  solution  was  then  immersed  for  5  hours 
into  a  boiling  water  bath.  A  considerable  precipitate  of  osazone 
appeared  during  the  process  of  heating.  A  voluminous  precipi- 
tate formed  on  cooling  over  night.  The  precipitate  was  then 
filtered,  washed,  and  suspended  in  500  cc.  of  hot  water.  The  flask 
was  placed  over  a  flame  and  pyridine  added  in  small  portions 
until  osazone  dissolved.  The  operation  wasrepeated once.  Under 
the  microscope  the  osazone  consisted  of  long  plates  with  pointed 
ends.  No  impurity  could  be  noticed  on  the  microscopic  slide. 
The  precipitate  was  filtered  on  a  suction  funnel,  washed  with  a 
very  small  portion  of  alcohol,  and  then  transferred  into  a  solution 
of  equal  parts  of  alcohol  and  ether,  allowed  to  stand  for  several 
hours  in  refrigerator,  and  filtered.  It  had  the  appearance  of  very 
light  orange  glistening  plates.  It  melted  at  201°  and  decom- 
posed at  202°C.  A  mixed  melting  point  with  galactosazone 
was  identical  with  the  original.  Also  a  mixed  melting  point  with 
the  osazone  obtained  from  synthetic  lyxohexosamine  was  identical. 
For  the  optical  rotation  only  0.050  gm.  were  used,  since  it  was 
found  that  by  employing  0.100  gm.  in  the  Neuberg  pyridine- 
alcohol  solution  one  was  not  certain  of  accomplishing  rapidly  a 
complete  solution.  A  parallel  experiment  was  made  with  the 
osazone  obtained  from  the  synthetic  lyxohexosamine. 

The  initial  rotation  in  a  0.5  dm.  tube  was  a  =  +0.36° 
After  24  hours     "        "        "  "        "    "  =       0.00° 

«      jn       «  <<  u  «  u  it      it    _     n    jfto 

"    80     "  "        "        "  "        "    "  -   -0.25° 

"    96     "  "        "        "  "        "    "  =   -0.30° 

Observations  were  interrupted  at  this  point. 

Chondrosaminoheptonic  Acid. — 38.0  gm.  of  chondrosamine  hy- 
drochloride were  taken  up  in  30.0  cc.  of  water,  12.0  cc.  of  80 
per  cent  prussic  acid  were  added,  and  the  hydrochloric  acid  was 
neutralized  by  means  of  17.0  cc.  of  strong  ammonia.  The  flask 
was  allowed  to  stand  from  5  to  7  days.  The  reaction  product 
was  taken  up  in  1  liter  of  water  and  concentrated  under  dimin- 
ished pressure  to  a  thick  syrup.  The  residue  was  again  taken 
up  in  water  and  again  concentrated.  This  operation  was  re- 
peated four  times.     Finally  it  was  treated  with  a  solution  of 
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basic  lead  acetate  and  with  baryta  water  as  long  as  a  precipitate 
formed.  This  was  washed  by  decantation  ten  times,  then  it 
was  filtered,  suspended  in  water,  and  decomposed  by  means  of 
hydrogen  sulfide.  The  filtrate  from  the  sulfide  was  concentrated 
to  about  400  cc.  and  then  boiled  with  copper  carbonate.  The 
solution  of  the  copper  salts,  perfectly  blue  in  color,  was  con- 
centrated tp  a  thick  syrup.  At  this  stage  the  copper  salt  was 
precipitated  by  means  of  alcohol  in  pure  form,  though  still 
amorphous. 

0.1034  gm.  substance,  on  combustion  on  a  modified  Dennstedt  furnace, 
gave  0.1114  gm.  C02,  0.0392  gm.  H20,  and  0.0290  gm.  CuO. 

Calculated  for 

C;HuNO:Cu:  Found: 

C 29.30  29.38 

H 4.57  4. 24 

Cu 22. 17  22.77 

However,  the  substance,  although  obtained  in  identical  manner, 
did  not  always  give  the  same  good  agreement  with  the  theory. 

The  copper  salts  obtained  from  five  experiments  were  dissolved 
in  water,  freed  from  copper,  and  the  solution  was  concentrated 
under  diminished  pressure  to  a  syrup.  This  was  gradually 
transferred  into  99.5  per  cent  alcohol  which  was  kept  agitated 
by  means  of  a  mechanical  stirrer.  A  white  powder  formed, 
which  after  washing  with  alcohol  and  ether  and  drying  was  no 
longer  hygroscopic.  The  precipitate  was  suspended  in  750  cc. 
of  alcohol  (99.5  per  cent)  and  hydrochloric  acid  gas  was  passed  in, 
in  a  lively  stream.  Part  of  the  acid  dissolved.  The  greatest 
part,  however,,  remained  insoluble.  After  some  time  a  floccu- 
lent  precipitate  of  the  ester  appeared,  which  again  disappeared, 
and  a  second  permanent  precipitate  of  the  lactone  settled  out. 

The  reaction  product  was  allowed  to  stand  over  night.  The 
following  day  the  supernatant  liquid  and  the  flocculent  precipitate 
of  the  lactone  could  be  easily  removed.  The  remaining  alcohol- 
insoluble  part  was  dissolved  in  water  and  the  hydrochloric  acid 
was  removed  by  means  of  lead  carbonate  and  silver  carbo- 
nate. The  final  solution  was  concentrated  to  about  100.0  cc. 
and  methyl  alcohol  was  added  in  very  small  portions  until  there 
appeared  a  permanent  opalescence.  On  standing  over  night 
an  oil  settled  out.     The  supernatant  liquid  was  decanted,  and 
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each  fraction  allowed  to  stand  separately.  After  3  days'  stand- 
ing in  the  supernatant  liquid  fraction  there  appeared  a  rosette 
composed  of  prisms  with  needle-shaped  points.  The  crystals 
were  about  3  mm.  long.  From  that  moment  crystallization 
proceeded  rapidly.  The  yield  was  5.0  gm.  Soon  also  the  oil 
began  to  crystallize  and  in  course  of  a  day  solidified  to  a  crystal- 
line mass.  It  was  filtered,  dissolved  in  little  water,  and  methyl 
alcohol  was  added  in  small  portions  until  the  acid  began  to  crystal- 
lize. The  yield  was  4.0  gm.  The  original  crystal  form  did  not 
change  on  recrystallization.  The  air  dry  acid  lost  approxi- 
mately one  molecule  of  water  on  drying  in  a  vacuum  drying 
apparatus  at  the  temperature  of  chloroform  vapor.  When  heated 
at  a  higher  temperature  it  continued  losing  weight  indefinitely, 
at  the  same  time  changing  color.  The  substance  melted  at  136° 
C.  (corrected)  and  had  the  following  composition. 

0. 1006  gm.  air  dried  substance  gave  0. 1292  gm.  C05  and  0.0639  gm.  H20. 
0.1500  gm.  substance  employed  for  Kjeldahl  nitrogen  estimation  re- 
quired for  neutralization  6.00  cc.  0.1  n  acid. 

Calculated  for 
C;HuNOr+HaO:  Found: 

C 34.59  34.82 

H 7.00  7.11 

N 5.76  5.60 

The  substance  had  the  following  optical  rotation  in  2.5  per 
cent  hydrochloric  acid. 

Initial.  Equilibrium. 

,0  =  -0-29°  X  2.1265  _  _  ff  _  -0.35°  X  2.1265  =  _ 

1   Jd  1.0     X  0.0516  l   Jd  1.0     X.0.0516 
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The  need  of  the  synthesis  of  hexosamines  became  very  evident 
after  the  discovery  of  the  new  sugar  chondrosamine.  The  ex- 
planation of  its  structure  was  facilitated  by  the  synthesis  of  one 
lyxohexosamine,  but  the  theory  of  its  structure  will  be  proven 
beyond  dispute  after  either  a  ribohexosamine  or  the  other  lyxo- 
hexosamine are  synthesized.  Unfortunately  it  will  be  a  very 
difficult  task  to  complete  the  series  of  theoretically  possible  amino- 
hexoses.  After  addition  of  prussic  acid  to  the  pentosimines  there 
appears  only  one  form  of  hexosaminic  acid,  or  the  equilibrium  of 
the  two  is  so  much  in  favor  of  one  that  the  isolation  of  the  other 
is  not  possible. 

There  is  recorded  only  one  successful  attempt  to  prepare 
synthetically  a  hexosamine.  Fischer  and  Leuchs1  prepared  glu- 
cosamine. They  identified  the  sugar  by  its  osazone  and  by  the 
phenylisocyanate  derivative.  Neither  the  free  sugar  nor  a  simple 
salt  of  it  have  been  obtained,  because  of  the  difficulty  of  the  task. 

The  difficulty  lay  in  the  fact  that  the  reaction  product  containing 
the  sugar  contained  also  a  great  excess  of  sodium  sulfate  and  the 
unreduced  lactone,  and  perhaps  some  of  the  unchanged  amino- 
acid.  The  presence  of  the  amino-acid  and  of  its  lactone  hinders 
the  crystallization  of  the  acyl  derivatives,  while  the  presence  of 
sodium  sulfate  renders  the  isolation  of  a  salt  of  the  amino  sugar 
very  difficult  at  the  best. 

It  was  found  more  convenient  to  carry  out  the  reduction  of  the 
lactones  in  a  hydrochloric  acid  solution.  Both  sodium  and 
potassium  amalgam  were  used  as  reducing  agents.  This  mode 
of  procedure  proved  very  effective  at  least  for  two  sugars,  gluco- 

1  Fischer,  E.,  and  Leuchs,  H.,  Ber.  chem.  Ges.,  1903,  xxxvi,  24. 
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samine  and  lyxohexosamine.  It  did  not  improve  conditions  in 
the  isolation  of  xylohexosamine. 

The  first  experiments  in  the  reduction  of  glucosaminic  acids 
were  accomplished  by  means  of  electrolytically  prepared  potas- 
sium amalgam.  Indeed,  in  the  very  first  experiment  it  was 
possible  to  isolate  a  small  quantity  of  glucosamine  containing 
only  2.5  per  cent  of  ash.  However,  the  same  conditions  could 
not  be  duplicated  for  the  present,  and  all  the  later  reductions  and 
all  the  reductions  of  the  lactones  of  lyxohexosaminic  and  of 
xylohexosaminic  lactones  were  accomplished  by  means  of  a  2.5 
per  cent  sodium  amalgam. 

Glucosamine. — The  reduction  of  glucosaminic  acid  was  carried 
out  principally  for  the  sake  of  method.  As  already  stated,  when 
potassium  amalgam  was  employed  as  reducing  agent  and  methyl 
alcohol  used  for  fractionation,  a  fraction  was  obtained  which 
contained  only  2.5  per  cent  potassium  chloride.  When  sodium 
amalgam  was  employed  it  was  possible  to  separate  the  reaction 
product  into  one  fraction  which  contained  besides  the  sugar  only 
sodium  chloride,  leaving  all  the  unchanged  lactone,  amino-acid, 
and  part  of  the  sugar  in  solution.  The  first  fraction  contains 
approximately  50  per  cent  of  the  sugar  present  in  the  reaction 
mixture. 

From  the  first  fraction  the  isolation  of  a  pure  benzoyl  deriva- 
tive offers  no  difficulty  at  all,  and  the  pentabenzoyl  derivative  of 
glucosamine  was  obtained  in  good  yield.  On  the  contrary,  from 
the  second  fraction  containing  50  per  cent  of  the  sugar  only  a 
fraction  of  a  gram  of  the  benzoyl  derivative  was  isolated.  The 
benzoyl  derivative  of  course  is  readily  converted  into  the  free 
sugar. 

Xylohexosamine. — The  lactone  was  reduced  in  hydrochloric 
acid  solution  with  sodium  amalgam.  For  the  present  no  suc- 
cessful fractionation  of  the  reaction  product  was  accomplished. 
The  hydrochloride  of  the  sugar  is  apparently  very  soluble  in 
methyl  alcohol.  The  sugar  was  identified  by  the  osazone  which 
possessed  the  melting  point  and  the  optical  rotation  of  gulosazone. 
The  pentabenzoyl  derivative  was  obtained  in  rather  poor  yield. 
The  yield  of  the  naphthylisocyanate  derivative  was  also  rather 
poor;  hence  its  purification  was  not  accomplished  for  the  present. 

Lyxohexosamine. — The  synthesis  of  this  sugar  was  of  immediate 
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importance  in  view  of  its  bearing  on  chondrosamine.  By  re- 
crystallizing  the  osazone  of  chondrosamine  from  pyridine  and 
water  it  acquired  the  properties  of  galactosazone.  Also  the 
lyxohexosamine  gave  an  osazone  undistinguishable  from  galac- 
tosazone. Furthermore,  the  anhydromucic  acid  obtained  from 
lyxohexosamine  and  from  chondrosamine  seem  to  be  identical. 
On  the  other  hand,  the  hydrochlorides  of  the  two  amino  sugars 
were  totally  different  in  their  melting  points  and  their  optical 
rotation.  On  the  basis  of  the  existing  evidence  the  two  sugars 
appear  as  epimeres  of  the  following  structure. 

H 
■COH 


NH,CH 


O 


OHCH 

i 
I 

CH 


HCOH 

I 
CH,OH 


EXPERIMENTAL   PART. 

Glucosamine. — For  the  preparation  of  all  lactones  of  hexo- 
saminic  acids  it  is  important  to  start  with  very  pure  material. 
The  glucosaminic  acid  used  in  these  experiments  was  recrystal- 
lized  several  times  out  of  water.  5.0  gm.  lots  of  the  acid  were 
taken  up  in  50.0  cc.  of  99.5  per  cent  alcohol.  Dry  hydrochloric 
acid  gas  was  passed  in,  in  a  lively  stream.  The  acid  soon  dissolved. 
After  a  while  a  flocculent  precipitate  begins  to  appear;  if  the 
solution  is  actively  shaken  during  this  phase  nearly  all  the  floccu- 
lent precipitate  of  the  esters  disappears.  For  a  while  the  solution 
remained  clear  and  then  turned  quite  opaque.  At  this  stage  it 
was  found  advisable  to  immerse  the  flask  in  a  cooling  mixture 
and  to  continue  passing  the  gas.  Soon  a  precipitate  of  the  lac- 
tone appeared.  This  was  allowed  to  stand  over  night  in  the 
refrigerator.  One  can  wash  the  lactone  by  decantation  with 
99.5  per  cent  alcohol  and  with  dry  ether  and  finally  filter  the  lac- 
tone and  dry  it  in  a  vacuum  desiccator.     It  is  then  possible  to 
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continue  the  work  on  the  pure  lactone.  However,  it  was  found 
that  this  mode  of  procedure  had  no  advantage  over  the  less  trouble- 
some method  of  Fischer  and  Leuchs.  In  most  of  the  experi- 
ments the  latter  method  was  followed. 

Isolation  of  Glucosamine  Hydrochloride. — 5.0  gm.  of  the  lactone 
hydrochloride  were  reduced  with  40.0  gm.  of  potassium  amalgam 
(2  per  cent),  hydrochloric  acid  being  used  for  neutralization. 
The  reduction  was  carried  out  in  a  vessel  immersed  in  a  cooling 
mixture  and  provided  with  a  mechanical  stirrer.  At  the  end  of 
the  experiment  the  solution  tested  with  Fehling's  reagent  showed 
a  reduction  equivalent  to  1.9  gm.  of  glucose.  The  reaction 
product  was  concentrated  nearly  to  dryness.  The  residue  was 
taken  up  in  about  30.0  cc.  of  methyl  alcohol  and  concentrated 
hydrochloric  acid  was  added  drop  by  drop.  The  flask  was  care- 
fully warmed  over  flame  until  the  syrupy  material  was  all  in  solu- 
tion and  the  salt  had  the  appearance  of  a  white  crystalline  pow- 
der. The  salt  was  filtered.  It  showed  the  presence  of  consid- 
erable sugar,  judging  by  its  reducing  power  towards  Fehling's 
solution. 

The  mother  liquor  on  standing  in  the  refrigerator  formed  a 
precipitate  of  practically  pure  glucosamine  hydrochloride. 

0.1030  gm.  substance  gave  0.1246  gm.  CO,,  0.0600  gm.  HsO  and  0.0026 

gm.  (2.55  per  cetot)  ash. 

Calculated  for 
C«Hi«NOi.HCl:  Found: 

C 33.40  33.85 

H 6.54  6.69 

In  a  few  other  experiments  the  sugar  contained  more  salt. 
This  experiment  goes  to  show  that  there  can  be  found  favorable 
conditions  for  the  isolation  of  glucosamine  hydrochloride  directly 
from  the  reaction  product. 

Preparation  of  the  Pentabenzoyl  Derivative. — The  material  used 
for  this  preparation  was  obtained  from  several  reduction  experi- 
ments. Potassium  and  sodium  amalgam  were  used  for  reduc- 
tion and  hydrochloric  acid  for  neutralization.  The  reaction 
product  was  treated  as  in  the  above  experiment.  The  fraction 
containing  only  sugar  and  salt  was  used  for  benzoylation. 

6.5  gm.  of  the  sugar  (estimated  by  means  of  Fehling's  solution) 
were  taken  up  in  140.0  cc.  of  water,  25.0  cc.  of  benzoyl  chloride, 
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and  40.0  cc.  of  a  50  per  cent  sodium  hydrate  solution.  It  was 
shaken  for  about  1}  hours  with  constant  cooling,  and  then  placed 
in  a  shaking  machine  over  night.  The  benzoyl  derivative,  which 
had  the  appearance  of  dry  white  balls,  was  washed  with  water, 
then  dissolved  in  chloroform,  and  shaken  with  water  in  a  sepa- 
ratory  funnel.  Finally  the  chloroform  solution  was  dried  over 
sodium  sulfate,  filtered,  and  concentrated  to  dryness.  The  resi- 
due was  recrystallized  out  of  4  liters  of  98  per  cent  alcohol.  On 
cooling,  the  substance  crystallized  in  long  colorless  needles.  The 
mother  liquor  on  concentration  gave  a  second  precipitate.  The 
substance  melted  at  216°C.  and  had  the  following  composition. 

0.1012  gm.  substance  gave  0.2606  gm.  CO*  and  0.0453  gm.  H20. 
0.2530    "  "         required  for  neutralization  by  the  Kjeldahl  method 

5.05  cc.  0.1  N  acid. 

Calculated  for 
CaHtNOi  (C«HiCO)t:         Found: 

C 70.38  70.23 

H 4.73  5.00 

N 2.00  1.09 

The  optical  rotation  of  the  substance  in  pyridine  was  as  follows : 

r   ,+ 0.58°  X  1.0992 

1   Jd  0.5     X-0.0522"^*1-* 

The  benzoyl  derivative  has  been  converted  into  the  hydrochlo- 
ride of  glucosamine  by  previous  workers;  hence  it  was  not  con- 
sidered important  to  repeat  it  on  this  occasion. 

Xylohexosamine. — The  lactone  was  prepared  in  the  same 
manner  as  that  of  glucosamine  acid.  Also  in  the  reduction  the 
general  plan  was  followed.  However,  all  the  attempts  to  obtain 
a  fraction  free  from  the  lactone  were  for  the  present  unsuccessful. 
When  hydrochloric  acid  was  used  for  neutralization  the  salt 
always  separated  out  free  from  sugar,  and  when  sulfuric  acid  was 
employed  for  the  same  purpose  salt,  lactone,  and  sugar  crystal- 
lized in  the  same  fraction. 

A  solution  containing  about  6.0  gm.  of  the  amino  sugar  and  1.0 
gm.  of  amino  nitrogen  was  taken  up  in  500  cc.  of  water  to  which 
80.0  cc.  of  benzoyl  chloride  and  110  cc.  of  a  50  percent  sodium 
hydrate  solution  were  added.  The  benzoylation  proceeded  as 
in  the  glucosamine  experiment.    The  final  product  was  taken  up 
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in  methyl  alcohol  and  ether  was  added  as  long  as  it  caused  the 
precipitation  of  an  oil.  The  supernatant  liquid  was  decanted 
and  allowed  to  evaporate  spontaneously.  A  precipitate  of  white 
needles  formed.  It  was  filtered  off  and  recrystallized  once  out 
of  99.5  per  cent  alcohol.  It  melted  at  162°C.  and  had  the  follow- 
ing composition. 

0.1012  gm.  substance  gave  0.2632  gm.  CO*  and  0.0416  gm.  H20. 

Calculated  for 
C*H«NO»  (C«H»CO)»:  Found: 

C 70.38  70.93 

H 4.73  4.60 

The  rotation  of  the  substance  was  the  following: 

ra1,o   _  +  1-1°  X  1.9422 

W  D  "      0.5   X  0.0550  "  +  77'6 

Osazone  of  Xylohexosamine. — A  solution  containing  2.5  gm.  of 
the  amino  sugar  was  taken  up  in  250  cc.  of  water  and  6.0  gm.  of 
phenylhydrazine  dissolved  in  glacial  acetic  acid  were  added. 
The  flask  containing  the  solution  was  then  placed  in  boiling  water 
bath  for  4  hours.  On  cooling,  the  osazone  settled  out.  It  was 
recrystallized  four  times  out  of  water  and  pyridine.  It  then  con- 
sisted uniformly  of  curved  needles.  The  substance  was  taken 
up  in  a  very  little  alcohol  and  ether.  It  dissolved  and  crystal- 
lized on  evaporation  of  the  solvent  in  the  form  of  bright  lemon 
yellow  precipitate.  It  melted  at  173°  (corrected)  and  decom- 
posed at  185°C. 

The  substance  had  the  following  composition. 

0.1000  gm.  substance  gave  0.2208  gm.  CO*  and  0.0560  gm.  H«0. 

Calculated  for 
Ci«Hi«N«0«:  Found: 

C 60.33  60.21 

H 6.14  6.22 

The  rotation  of  the  substance  was  as  follows : 

0.1000  gm.  substance  dissolved  in  5.0  cc.  of  Neuberg's  alcohol-pryidine 
solution  had  an  initial  rotation  of  a  =  +0.07°  and  after  40  hours  o  = 
+0.45°. 

The  napthylisocyanate  derivative  was  not  obtained  in  pure 
form.  We  intend  to  report  on  the  phenyl  and  napthyliso- 
cyanate derivatives  of  the  hexosamines  on  another  occasion. 
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Lyxohexo8amine. — 15.0  gm.  of  lxyohexosaminic  acid  were  taken 
up  in  three  small  flasks,  each  containing  5.0  gm.  of  the  acid  and 
50.0  cc.  of  99.5  per  cent  alcohol.  Into  each  a  lively  stream  of  dry 
hydrochloric  acid  gas  was  passed.  The  formation  of  the  lactone 
proceeded  in  the  same  way  as  with  the  glucosaminic  acid.  The 
flasks  were  allowed  to  stand  over  night,  then  transferred  to  a  dis- 
tilling flask  by  the  aid  of  distilled  water.  150.0  gm.  of  2.5  per 
cent  sodium  amalgam  were  used  for  reduction.  At  the  end  of 
the  experiment  the  solution  tested  with  Fehling's  reagent  showed 
a  reduction  equivalent  to  6.5  gm.  of  glucose. 

The  product  of  reaction  was  concentrated  under  diminished 
pressure  to  dryness.  The  residue  was  taken  up  in  75.0  cc.  of 
methyl  alcohol  and  concentrated  hydrochloric  acid  added  drop 
by  drop  until  all  the  syrup  dissolved  and  sodium  chloride  ap- 
peared in  the  form  of  white  crystalline  powder.  This  first  precip- 
itate showed  no  reducing  power  at  all. 

The  filtrate  was  again  concentrated  to  dryness  and  taken  up 
in  99.5  per  cent  ethyl  alcohol  and  hydrochloric  acid  as  before. 
On  standing,  an  oily  mass  separated  out.  In  course  of  the  night 
this  turned  to  a  crystalline  mass.  The  supernatant  liquid  was 
decanted  and  the  crystalline  mass  triturated  with  methyl  alcohol. 
It  consisted  of  long  heavy  prisms  with  needle-shaped  points. 
The  substance  burned  as  carbohydrates  do  and  left  behind  a  small 
amount  of  ash.  The  liquid  which  had  been  decanted  off  the  crys- 
talline mass  on  standing  began  to  form  on  the  walls  and  on  the 
bottom  of  the  flask  a  crystalline  deposit  consisting  of  long  prisms 
of  the  same  appearance  as  those  of  the  crystalline  mass.  On 
burning  it  left  practically  no  ash. 

The  substance  was  redissolved  in  a  little  water  and  99.5  per  cent 
alcohol  added  in  small  portions  until  on  scratching  the  sugar  be- 
gan to  crystallize.  The  crystals  had  the  same  appearance  as  on 
first  crystallization.  The  substance  melted  at  185°C.  (cor- 
rected), and  had  the  following  rotation: 

Initial.  Equilibrium. 

r   in      +  1.5°  X  2.0269  _    ^0        r   ljs      +  2.18°  X  2.0269  " 

|«|  «  -  ~ +  62.69°        |a|"  = -f  91.10° 

1    Jl>  1.0    X  0.0485  L   Jd  1.0     X  0.0485 

0.1050  gm.  substance  dried  in  a  vacuum  desiccator  over  sulfuric  acid  at 
25°C.  gave  0.1284  gm.  CO*  and  0.0604  gm.  H20. 

0.0244  gm.  substance  gave  2.94  cc.  N  at  22°,  762  mm. 
0.0820    "  "  required  3.7  cc.  0.1  n  AgN03  solution. 
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Calculated  for 
CitHisOiN.HCl:  Found: 

C 33.40  33.35 

H 6.54  6.39 

N 6.51  6.74 

CI 16.45  15.98 

The  mother  liquor  of  the  crystalline  mass  was  concentrated 
under  diminished  pressure.  It  contained  3  gm.  of  sugar  and  was 
taken  up  in  400  cc.  of  water,  8.0  gm.  of  phenylhydrazine  dissolved 
in  glacial  acetic  acid  were  added,  and  the  flask  containing  the 
solution  was  immersed  in  a  boiling  water  bath  for  4  hours. 
The  osazone  began  forming  while  the  solution  was  still  heated. 
On  cooling,  a  voluminous  precipitate  of  osazone  deposited.  The 
osazone  was  taken  up  in  400.0  cc.  of  boiling  water  and  pyridine 
was  added  gradually  (the  water  was  kept  boiling)  until  the  solu- 
tion was  complete.  After  three  recrystallizations  microscopic 
slides  showed  perfectly  formed  elongated  plates  with  pointed 
ends,  and  an  absolute  absence  of  oily  droplets.  The  osazone  was 
then  filtered  on  a  suction  funnel,  transferred  into  a  mixture  of 
equal  parts  of  alcohol  and  ether,  and  filtered.  It  then  had  the 
appearance  of  light  orange  glistening  plates. 

It  melted  at  201°C.  and  decomposed  at  202°  (corrected). 
Mixed  with  osazone  from  chondrosamine  and  with  galactosazone 
it  showed  the  same  melting  and  decomposition  points. 

0.1006  gm.  substance  gave  14.2  cc.  N  at  29°  and  757  mm. 

Calculated  for 
CiaH*N<04:  Found: 

N 15.64  15.80 

For  the  rotation  of  the  substance  0.050  gm.  was  dissolved  in  5.0  cc.  of 
Neuberg's  pyridine  and  alcohol  mixture.  The  initial  rotation  was  +0.36°, 
after  24  hours,  +0.03°.     (It  was  not  followed  further.) 

Another  sample  of  osazone  which  had  been  recrystallized  out 
of  85  per  cent  alcohol  and  which  dissolved  more  readily,  though 
with  considerable  difficulty,  showed  the  following  rotation: 

0.100  gm.  substance  dissolved  in  5.0  cc.  of  alcohol-pryidine  solution 
gave  an  initial  rotation  of  +0.56°,  and  an  equilibrium  of  +0.16°. 

From  a  smaller  experiment  a  benzoyl  derivative  was  obtained 
in  the  same  manner  as  from  xylohexosamine.  However,  the 
quantity  was  too  small  for  recrystallization. 
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The  exact  nature  of  the  intermediate  forms  through  which  glu- 
cose passes  before  it  is  finally  broken  up  by  the  animal  body  dur- 
ing metabolism  is  still  a  matter  of  question  and  needs  further  in- 
vestigation. In  view  of  this  fact  it  was  thought  highly  essential 
that  a  substance  like  glucal,  CeHi0O4,  which  is  so  closely  related 
to  glucose,  in  fact  derived  from  it,  be  studied  in  reference  to  its 
behavior  in  the  animal  body.  The  possibility  that  glucal  may 
be  an  intermediate  stage  of  glucose  metabolism  is  supported  by 
the  facts  that  glucal  is  derived  from  glucose  by  reduction  and  de- 
hydration and  that  it  is  quite  unstable.  Nef1  states  that  the  struc- 
tural formula  of  glucal  is: 

H   H    H    H    H 
HC-C-C-C-C=CH 
O    O    O     \  / 
H   H    H  O 

If  this  formula  is  correct  it  lends  support  to  the  theory  that 
glucal  may  be  an  intermediate  product  of  glucose  metabolism,  for 
a  substance  possessing  such  a  structure  by  its  very  nature  indi- 
cates that  it  may  be  readily  transformed  into  other  derivatives. 

It  may  also  be  mentioned  here  that  Feulgen2  suggests  glucal  as 
the  carbohydrate  of  nucleic  acid. 

The  work  and  the  results  recorded  here  by  no  means  settle  the 
question  whether  or  not  glucal  is  an  intermediate  product  of  glu- 
cose metabolism.  However,  a  number  of  positive  results  have 
been  obtained  which  may  prove  of  assistance  in  future  work  on 
this  problem. 

»Nef,  J.  U.,  Ann.  Chem.,  1914,  cdiii,  334. 

*  Feulgen,  R.,  Z.  physiol.  Chem.,  1914,  xcii,  154. 
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The  Preparation  of  Glucal. 

The  glucal  used  in  the  experiments  recorded  was  prepared  ac- 
cording to  the  methods  given  by  Fischer8  except  for  the  saponifica- 
tion of  the  acetyl  groups  of  the  acetyl  derivative. 

According  to  Fischer  the  saponification  of  the  acetyl  groups  of 
the  triacetyl  glucal  is  carried  out  with  barium  hydroxide.  The 
barium  is  removed  by  precipitation  with  sulfuric  acid  and  filtering. 
Glucal  is  very  unstable  in  an  acid  solution,  so  that  great  precau- 
tion must  be  taken  not  to  make  the  solution  acid  with  an  excess 
of  sulfuric  acid.  In  taking  this  precaution  lies  the  danger  that 
not  all  the  barium  is  removed  and  so  may  be  present  in  the  final 
product.    Barium  itself  is  toxic. 

In  order  to  obviate  the  possibility  of  barium  poisoning,  then, 
the  triacetyl  glucal  was  saponified  with  sodium  hydroxide.  The 
exact  procedure  was  this:  5  gm.  of  dry  crystalline  triacetyl  glucal 
were  finely  powdered  and  treated  with  130  cc.  of  0.5  n  sodium  hy- 
droxide. This  mixture  was  shaken  on  a  machine  for  2  hours.  To 
the  solution  were  then  added  130  cc.  of  0.5  n  sulfuric  acid.  Thus 
far  the  process  was  carried  out  at  room  temperature.  The  solu- 
tion then  was  distilled  under  reduced  pressure  at  40°C  till  the 
separation  of  salts  occurred.  The  glucal  then  was  extracted  three 
times  with  100  cc.  portions  of  absolute  alcohol.  The  latter  was 
distilled  off  under  reduced  pressure,  leaving  the  final  product, 
glucal,  as  a  colorless  syrup.  This  again  was  taken  up  with  100 
cc.  of  absolute  alcohol  and  the  latter  distilled  off  as  before.  The 
syrup  was  then  dissolved  in  water  which  had  been  boiled  for  10 
minutes.  Thus  a  sterile  solution  of  glucal  was  prepared.  Any 
acidity  due  to  incomplete  removal  of  acetic  acid  was  neutralized 
with  0.1  n  NaOH.  (The  trace  of  sodium  acetate  thus  formed  is 
physiologically  inactive.)  By  this  method  5  gm.  of  triacetyl  glu- 
cal yielded  on  an  average  2.5  cm.  of  glucal. 

3  Fischer,  E.,  Ber.  chem.  Ges.,  1914,  xlvii,  196. 
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The  Chemical  CJiaracteristics  of  Glucal,  Its  Molecular  Formula,  and 

Its  Probable  Structural  Formula. 

The  glucal  prepared  in  the  manner  described  possessed  the 
following  characteristics: 

1.  On  treatment  with  strong  mineral  acids  it  formed  a  dark  char. 

2.  On  treatment  with  strong  alkalis  it  turned  yellow. 

3.  In  a  water  solution  a  dark  green  precipitate  was  formed  on 
iihe  addition  of  .concentrated  sulfuric  .or  hydrochloric  acid. 

4.  It  could  readily  be  detected  in  urine  by  the  formation  of  a 
<iark  green  precipitate  when  1  cc.  of  the  glucal  containing  urine 
"was  diluted  with  5  cc.  of  water,  and  2  cc.  of  concentrated  sulfuric 
.acid  were  added.  Samples  of  urine  containing  glucal  in  the  pro- 
portion of  1  gm.  of  glucal  to  1  liter  of  urine  gave  the  test  well. 

5.  The  glucal  recolorized  fuchsin  sulfurous  acid. 

6.  Iodine  and  bromine  were  rapidly  absorbed  by  glucal.  The 
glucal  iodine  combination  did  not  color  a  1  per  cent  starch  solu- 
tion. 

7.  The  glucal  reduced  Fehling's  and  Haines'  solutions. 

8.  On  treatment  with  sodium  acetate  and  acetic  anhydride, 
glucal  was  transformed  into  triacetyl  glucal. 

The  molecular  formula  of  glucal  is  CaHjoO^  There  are  various 
opinions  as  to  its  structural  formula.  Fischer  suggests  that  it  is 
constructed  in  this  manner: 

H   H    H     H  n„ 

HC-C-  C  -  C  -  c=czr 
O      \H     OH/       U 
H         \     / 
O 

Nef  states  that  it  has  this  structure: 

H    H    H    H   H 
HC-C-C-C-C=CH 
O    O    O     \  / 
H    H    H         O 

Judging  from  the  character  of  the  reactions  which  take  place 
in  the  formation  of  glucal  in  vitro  it  would  seem  that  the  Nef  for- 
mula was  the  correct  one.  For  when  acetobromoglucose  is  treated 
with  zinc,  it  yields  one  molecule  of  hydrobromic  acid  and  one 
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molecule  of  acetic  acid.     We  may  then  represent  the  reaction 
thus  (Ac  =  CH3CO) : 


H 


+  2H 


HC 

I 
AcOCH 


\ 


HO 


/ 


/ 


> 


-I-  HBr  +  CH.COOH 


HCOAc 


HCOAc 


HCOAc 
H 
Acetob  romoglucose . 


HCOAc 
H 

Triacetyl  glucal. 


The  Saponification  of  the  acetyl  groups  of  the  triacetyl  deriva- 
tive may  be  represented  in  this  manner: 


H 
C 


\ 


HC 


\ 


AcOCH 


V 


/ 


> 


HC 


HCOAc 

HCOAc 
H 


+  3  NaOH       HOCH 

I 
►  HC 


+  3  CH.COONa 


HCOH 


HCOH 
H 


It  may  then  be  assumed  that  the  lactone  ring  is  of  an  oscillat- 
ing type  because  of  the  instability  of  glucal.  Accordingly  the 
product  may  be  transformed  from  a  y  lactone  compound  to  a 
0  lactone. 

Thus  a  product  having  the  formula  as  given  by  Nef  would  be 
produced.  This  formula  accounts  for  all  the  reactions  of  glucal 
as  given  according  to  Fischer  except  the  pine  splinter  reaction 
indicating  a  furane  ring.  However,  the  chemical  composition  of 
the  substance  in  a  pine  splinter  giving  the  reaction  is  not  defi- 
nitely known.     Consequently,  in  the  opinions  of  some,  a  furane 
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compound  may  not  be  the  only  compound  producing  green  colora- 
tion of  a  pine  splinter  moistened  with  hydrochloric  acid. 


Experiments  on  the  Physiological  Action  of  Glueal. 

The  first  two  experiments  were  conducted  solely  for  the  purpose 
of  determining  whether  glueal  is  a  toxic  compound  or  not.  In 
the  first  experiment  a  2  per  cent  solution  was  injected  subcutane- 
ously  into  six  frogs  as  indicated: 


Weight. 

Dose. 

Time. 

Results. 

Immediate. 

Later. 

gm. 

56 
42 
37 

cc. 

4 
3 
2.5 

2.56 

3.00 
3.10 

No  change. 

«             u 
u            u 

No  change. 

U                 it 
li                  M 

Controls,  using  water  instead  of  glueal  solution. 


The  frogs  showed  no  symptoms  of  poisoning  such  as  morbidity, 
muscular  twitching,  or  spasms  as  a  result  of  the  injection  of  glueal. 
Their  behavior  at  all  times  was  normal. 

From  these  results  we  may  conclude  that  glueal  injected  sub- 
cutaneously  into  frogs  in  doses  of  1.4  mg.  per  1  gm.  of  body  weight 
produces  no  toxic  effects. 

In  the  second  experiment,  a  guinea  pig  weighing  250  gm.  was 
injected  subcutaneously  with  5  cc.  of  a  10  per  cent  solution  of 
glueal.  The  animal  showed  no  effects  of  poisoning  locally  or  sys- 
temically,  immediately  or  at  any  time  afterwards. 

Next  an  experiment  was  carried  out  to  determine  the  effect  of 
glueal  on  respiration  and  blood  pressure.  A  dog  weighing  8 
kilos  was  anesthetized  with  ether.  A  cannula  was  inserted  into 
the  trachea  and  connected  with  a  respiration  tracing  apparatus. 
Also  a  cannula  inserted  into  the  right  carotid  artery  was  connected 
with  a  blood  pressure  mercury  manometer.  Tracings  of  both 
movements  were  taken;  i.e.,  respiration  and  blood  pressure.     The 
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blood  pressure  was  130  mm.  Hg  and  the  respiration  normal  in 
each  of  the  following  five  intravenous  injections. 

Time. 

5  cc.  m/8  Na  acetate 3 .  14 

5  "  10  per  cent  glucal 3.16 

5  "  10  "        "         "     3.21 

5  "  10  "        "  "     3.23 

.  The  dog  was  observed  for  an  hour  but  no  deviation  from  the 
normal  state  occurred. 

Also  an  experiment  on  the  metabolism  of  glucal  in  the  animal 
body  was  carried  out  in  the  following  manner: 

A  dog,  not  anesthetized,  weighing  10  kilos,  was  injected  with 
6.5  gm.  of  glucal,  with  a  Woodyatt  continuous  injection  machine, 
by  way  of  the  left  saphenous  vein  at  the  rate  of  0.9  gm.  per  kilo  of 
body  weight  per  hour.  The  dog  showed  no  ill  effects  during  the 
operation  or  afterwards.  The  urine,  collected  by  catheter,  was 
examined  as  indicated: 

Test.*  Before  gluoal  injection.  After  glucal  injection. 

H1SO4 Pink,  clear.  Green  precipitate. 

Reduction  (Haines1 
solution) None.  Slight. 

H1SO4 1  cc.  of  urine  -+-  0.01  cc. 

of  a  10  per  cent  solu- 
tion of  glucal  diluted 
with  5  cc.  of  water  gave 
a  green  precipitate. 

*  Glucose  does  not  give  this  test  with  sulfuric  acid. 

Then  we  may  conclude  that  glucal  injected  into  the  venous 
system  of  an  animal  is  not  totally  metabolized  if  injected  at  the 
rate  of  0.9  gm.  per  kilo  per  hour.  This  is  the  limit  of  tolerance  of 
the  injection  of  glucose  under  similar  conditions.  Whether  any  of 
the  glucal  was  metabolized  could  not  be  estimated,  since  thus  far 
no  accurate  method  of  determining  glucal  in  solution  has  been 
developed.  It  is  hoped  that  this  may  be  accomplished  by  bromine 
or  iodine  titration. 

It  is  possible  that  if  glucal  is  formed  from  glucose  in  the  animal 
body,  a  reversible  process  may  also  take  place  in  case  of  an  excess 
over  the  normal  tolerance  of  glucal,  such  as  has  been  observed 
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in  the  above  experiment.  Therefore  it  seemed  important  that 
for  future  work  some  test  for  glucose  be  established  distinguishing 
it  from  glucal,  and  not  clouded  by  the  reaction  of  the  latter. 
Since  one  of  the  common  methods  employed  for  determining  the 
presence  of  glucose  is  the  fermentation  test,  it  has  been  of  inter- 
est to  determine  whether  or  not  glucal  is  fermentable. 

Accordingly  a  1  per  cent  peptone  and  0.3  per  cent  bouillon  broth 
was  prepared.  Its  reaction  was  adjusted  so  that  5  cc.  of  the  broth 
exactly  neutralized  1  cc.  of  0.05  n  NaOH.  13.5  cc.  were  placed  in 
each  of  eighteen  fermentation  tubes.  The  tubes  were  divided 
into  sets  of  six.  To  one  of  the  three  sets  thus  formed  were  added 
1.5  cc.  of  a  10  per  cent  glucal  solution,  per  tube;  to  another,  1.5 
cc.  of  a  10  per  cent  glucose  solution,  per  tube;  and  to  the  third, 
1.5  cc.  of  distilled  water  per  tube.  (The  solutions  containing  the 
glucose  and  those  containing  the  water  additions  were  sterilized 
together  with  their"  respective  additions.  The  tubes  later  con- 
taining glucal  were  sterilized  before  the  latter  was  added  because 
of  the  instability  of  glucal  at  high  temperatures.  The  glucal  ad- 
ditions, however,  were  also  sterile,  since  the  glucal  had  been 
obtained  from  an  alcohol  extract  and  dissolved  in  water  which 
had  previously  been  boiled  for  10  minutes.) 

Then  three  tubes  of  each  set  were  inoculated,  each  with  one 
loopful  of  a  pure  culture  of  Bacillus  coli.  The  other  three  tubes 
of  each  set  were  inoculated  with  one  loopful  of  a  pure  culture  of 
Saccharomyces  cervisice.  The  following  is  a  record  of  the  proce- 
dure and  results  (temperature  35°C.) : 
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] 

Results. 

Tube. 

Substance  tested. 

Org^njunri, 

Gas. 

12  hrs. 

24  hrs. 

36  hrs. 

1 

cc. 
1.5  10  per  cent  glucal. 

Bacillus  coli. 

0 

0 

0 

2 

1.5  10     "      " 

it               tt 

0 

0 

0 

3 

1.5  10     "      " 

it               It 

0 

0 

0 

4 

1.5  10     "      " 

Yeast. 

0 

0 

0 

5 

1.5  10     "      " 

tt 

0 

0 

0 

6 

1.5  10     "      " 

tt 

0 

0 

0 

7 

1.5  10     "      "    glucose. 

Bacillus  coli. 

2  cm. 

2.5  cm. 

2.5  cm. 

8 

1.5  10     "      " 

a           a 

2  " 

2.5    " 

2.5    " 

9 

1.5  10     "      " 

u           u 

2  " 

3       " 

3       " 

10 

1.5  10     "      "         " 

Yeast. 

0 

3       " 

3       " 

11 

1.5  10     "      " 

it 

0 

2.5    " 

2.5    " 

12 

1.5  10     "      "         " 

a 

9 

Bubble. 

2.5    " 

2.5    " 

13 

1.5  water. 

Bacillus  coli. 

0 

0 

0 

14 

1.5       " 

u           tt 

• 

0 

0 

0 

15 

1.5       " 

n           tt 

0 

0 

0 

16 

1.5       " 

Yeast. 

0 

0 

0 

17 

1.5       " 

tt 

0 

0 

0 

18 

1.5       " 

u 

0 

0 

0 

There  were  definite  growths  of  the  organisms  in  all  the  tubes 
in  24  hours.  The  yeast  cells  of  the  tubes  containing  glucal  were 
examined  microscopically  after  24  hours,  and  budding  forms  of 
the  cells  could  be  seen. 

The  results  indicate  that  glucal  is  fermented  neither  by  Bacillus 
coli  nor  by  Saccharomyces  cervisice.  The  fermentation  test  then 
may  be  used  in  distinguishing  between  glucose  and  glucal. 

In  summary,  the  above  recorded  results  indicate  that: 

1.  Glucal  is  not  a  toxic  substance. 

2.  Glucal  produces  no  effect  on  blood  pressure  or  on  respira- 
tion when  injected  intravenously  in  moderate  quantities. 

3.  Glucal  may  be  detected  in  urine  with  concentrated  sulfuric 
acid.  ' 

4.  Glucal  combines  with  iodine  and  the  combination  does  not 
color  a  1  per  cent  starch  solution. 

5.  The  animal  body  does  not  completely  metabolize  glucal 
when  the  latter  is  injected  at  the  rate  of  0.9  gm.  per  kilo  per  hour. 

6.  Glucal  is  not  fermented  either  by  Bacilli  coli  or  Saccharo- 
myces cervisoe. 
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THE  FORMATION   OF   d-LACTIC    ACID    BY   THE 

AUTOLYSIS  OF  PUS. 

By  HIIZU  ITO. 

(From  the  Institute  of  Medical  Chemistry  of  the  Kyoto  Imperial  University, 

Kyoto,  Japan.) 

(Received  for  publication,  June  19,  1916.) 

That  a  lactic  acid  is  present  in  pus  was  accidentally  found  by 
Tatsukichi  Irisawa.1  Though  he  stated,  "Ferner  habe  ich 
gelegentlich  aus  etwa  einem  Liter  frischen  Empyemeiters  eine 
kleine  Quantitaet  Milchsaeure  dargestellt,"  he  gave  no  further 
description  of  his  work.  It  was,  therefore,  impossible  to  decide 
what  form  of  the  lactic  acid  was  found  by  him.  An  attempt  was 
made  by  the  writer  to  determine  the  form  and  to  ascertain  whether 
the  d-lactic  acid  was  formed  by  the  autolysis  of  pus.  The  pus 
obtained  from  the  pleura  was  used  in  the  experiments. 

The  method  of  Professor  Yoshikawa  was  adopted  with  modifications. 
An  equal  quantity  of  pus  was  taken  in  each  of  two  flasks  and  that  in  one 
flask  was  mixed  with  five  times  as  much  90-95  per  cent  alcohol.  After 
standing  for  24  hours  it  was  filtered.  The  residue  was  thoroughly  washed 
with  alcohol.  After  the  alcohol  was  evaporated,  the  residue,  acidified 
with  phosphoric  acid,  was  extracted  as  much  as  possible  with  ether  in 
Sudo's  apparatus.  After  the  ether  was  evaporated  on  a  water  bath,  the 
syrup  which  remained  was  boiled  with  a  little  water  and  lead  carbonate, 
filtered,  and  washed  with  water.  The  lead  was  removed  from  the  filtrate, 
passing  hydrogen  sulfide  through  it.  After  the  filtrate  was  strongly  con- 
centrated on  the  water  bath,  lactic  acid  was  extracted  with  ether.  After 
the  ether  was  evaporated*,  the  lactic  acid  was  transformed  into  lithium 
lactate  by  boiling  with  water  and  lithium  carbonate.  The  lactate  solu- 
tion was  transferred  into  a  25  cc.  flask  and  water  was  added  to  it  to  the 
25  cc.  mark.  The  solution  was  shaken  and  filtered,  and  examined  with 
the  polariscope.*  The  pus  of  the  second  flask  was  digested  with  toluene 
and  chloroform  at  37-38°C.  for  4  days.     The  procedure  of  extracting  the 


1  Irisawa,  T.,  Z.  physiol.  Chem.,  1893,  xvii,  349. 

*  Yoshikawa,  J.,  Z.  physiol.  Chem.,  1913,  lxxxvii,  389. 
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lactic  acid  from  the  digested  material  was  the  same  as  with  the  first  por- 
tion. But  in  the  last  two  cases  of  the  series  which  follow,  the  method  of 
Mondshein,  which  was  modified  by  Yoshikawa,*  was  adopted  as  the 
method  of  extracting  the  lactic  acid,  because  it  was  suggested  to  the  writer 
that  Mondshein's  method  would  give  a  better  result  than  the  alcohol 
extraction.  In  these  cases,  one  portion  of  the  pus  was  mixed  with  five 
times  as  much  water.  To  precipitate  the  protein  content,  the  mixture, 
to  which  was  added  a  weak  acetic  acid,  was  boiled  for  30  minutes  and 
filtered  through  "nutsch."  The  residue  was  warmed  with  50  cc.  of  water 
and  15  cc.  of  15  per  cent  NaOH,  which  dissolved  the  former.  The  solution 
was  then  neutralized  with  weak  sulfuric  acid  and  filtered.  This  filtrate 
was  put  together  with  the  other  which  was  prepared  through  the  "nutsch." 
The  whole  filtrate  was  concentrated  to  a  syrup,  and  was  extracted  with  95 
per  cent  alcohol,  which  was  entirely  evaporated.  The  residue  was  strongly 
acidified  with  phosphoric  acid  and  was  extracted,  with  ether  in  the  extract- 
ing apparatus.  The  lactic  acid  which  was  obtained  after  the  ether  was 
evaporated  was  transformed  into  lithium  lactate  by  adding  water  and 
lithium  carbonate.  The  lithium  lactate  was  treated  as  suggested  by 
Yoshikawa  and  was  examined  with  the  polar iscope.  The  calculation  of 
the  (/-lactic  acid  from  a  was  followed  exactly  as  Yoshikawa  suggests. 


Pus  in 
each 
determi- 
nation. 

Lithium  lactate 
obtained. 

Lactate 

Patient. 

At  once. 

After  4 

days' 

autolysis. 

formed  by 
autolysis. 

I.  School  boy,  19  years.    Pus  from 
chest  after  rib  resection. 

gm. 

300 

gm. 

0.7370 

gm. 
0.8366 

gm. 

0.0996 

II.  Man,   43   years.        Pus   from 
chest  after  rib  resection. 

500 

0.6388 

0.7370 

0.0982 

III.  Boy,  3  years,  1  month.    Pus 
from  chest  after  thoracocente- 
sis. 

400 

1.1244 

1.2295 

0.1051 

IV.  Man,    28    years.    Pus    from 
chest  after  thoracoplasty. 

280 

jO.1906 

0.2748 

0.0842 

V.  Man,  63  years.    Pus  from  chest 
after  thoracocentesis. 

300 

0.2494 

0.4373 

0.1879 

VI.  Man,    20    years.     Pus     from 
chest  after  rib  resection. 

250 

0.1653 

0.2665 

0.1012 

3  Yoshikawa,  Z.  physiol.  Chern.,  1913,  lxxxvii,  406. 
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To  determine  finally  that  the  lactic  acid  found  in  both  portions 
was  identical  with  d-lactic  acid,  the  lithium  lactate  which  was 
formed  from  the  material  experimented  on  was  transformed  into 
zinc  lactate. 

Transformation  of  Lithium  Lactate  into  Zinc  Lactate. 

• 

The  lithium  lactate  solution  which  was  obtained  in  the  series 
of  the  first  portion  from  all  six  cases  was  put  all  together.  The 
solution  was  strongly  acidified  with  phosphoric  acid  and  was  ex- 
tracted with  ether  in  Sudo's  apparatus.  After  the  ether  was 
evaporated,  the  residue  was  diluted  with  water,  boiled  with  pure 
lead  carbonate,  filtered,  and  washed  well.  The  lead  was  taken 
away  from  the  filtrate  with  hydrogen  sulfide;  the  solution  with 
no  lead  was  strongly  concentrated  on  the  water  bath,  and  was 
extracted  as  much  as  possible  with  ether.  After  the  ether  was 
evaporated  the  residue  was  boiled  with  water  and  pure  zinc  oxide, 
filtered,  and  washed  thoroughly.  The  filtrate  with  the  water 
used  for  washing  was  evaporated  on  the  water  bath  until  the 
zinc  lactate  began  to  crystallize.  It  was  repeatedly  recrystal- 
lized  from  hot  water,  until  pure  crystals  were  obtained.  The 
crystals  showed  under  examination  the  typical  characteristics 
of  the  d-zinc  lactate. 

The  quantity  of  unhydrated  zinc  lactate  in  the  solution  of 
100  cc.  was  2.6546  gm.;  length  of  the  tube,  2  dm.;  rotation*,  us- 
ing sodium  light,  at  19°  =  -0.438°.     Therefore:  [a]1*  =   -8.25. 

0.2126  gm.  substance  lost  at  110°C.  0.0278  gm.  H,0. 
0.1154    "  "       gave  0.0384    "     ZnO. 

0.1322    "  "       lost  at  110°C.  0.0168    "     H*0. 

0.1848    "  "       gave  0.0613     "     ZnO. 

Calculated  Found: 

for  (C»H*Oi)«  Zn  +  2  HjO:  1.  2. 

H,0 12.9  13.08  12.71 

Zn 26.86  26.69  26.62 

The  zinc  lactate  experimented  on  was  thus  shown  to  be  identi- 
cal with  d-zinc  lactate. 

The  quantity  of  unhydrated  zinc  lactate  in  the  solution  of 
100  cc.  was  2.7823  gm.;  length  of  the  tube,  2  dm.;  rotation,  us- 
ing sodium  light,  at  15°  =   -0.446°.     Therefore:  [a]Jf  =   -8.01. 
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0.1275  gm.  substance  lost  at  110°C.  0.0165  gm.  H,0. 
0.3742    "  "  gave  0.1246  gm.  ZnO. 

Calculated  for  Found: 

(CiHtOs)tZn  +  2H>0: 

H,0 12.9  12.94 

Zn 26.86  26.75 

The  zinc  lactate  obtained  in  the  second  portions  was  thus 
shown  to  be  identical  with  d-zinc  lactate. 

SUMMARY. 

1.  D-lactic  acid  is  a  constant  constituent  of  pus. 

2.  D-lactic  acid  is  distinctly  increased  by  the  autolysis  of  pus. 


THE  ORIGIN  OF  THE  HUMIN  FORMED  BY  THE  ACID 

HYDROLYSIS  OF  PROTEINS. 

II.    HYDROLYSIS  IN  THE  PRESENCE  OF  CARBOHYDRATES     ' 

AND  OF  ALDEHYDES. 

By  ROSS  AIKEN  GORTNER. 

(From  the  Division  of  Soils,  Minnesota  Agricultural  Experiment  Station, 

St.  Paul.) 

(Received  for  publication,  June  9,  1916.) 
INTRODUCTION. 

In  a 'recent  article  (Gortner  and  Blish,  1915)  the  statement 
was  made  that  "in  all  probability  the  humin  nitrogen  of  protein 
hydrolysis  has  its  origin  in  the  tryptophane  nucleus."  This 
statement  was  based  upon  the  following  findings. 

1.  Zein,  which  contains  no  tryptophane,  yields  but  a  very 
small  amount  of  humin  nitrogen  on  hydrolysis  (compare  also 
Osborne  and  Jones,  1910).  ' 

2.  When  tryptophane  was  added  to  zein  and  the  mixture  hydro- 
lyzed,  a  very  considerable  quantity  of  humin  nitrogen  was  produced. 

3.  This  humin  was  formed  from  tryptophane  plus  some  other 
product  of  protein  hydrolysis,  inasmuch  as  the  formation  of 
humin  from  1  gm.  of  zein  plus  tryptophane  had  reached  a  maxi- 
mum where  0.125  gm.  of  tryptophane  had  been  added,  and  the 
addition  of  tryptophane  in  excess  of  this  amount  failed  to  in- 
crease the  humin  nitrogen. 

4.  When  tryptophane  was  heated  with  hydrochloric  acid  in 
the  presence  of  a  carbohydrate  86.56  per  cent  of  the  trypto- 
phane nitrogen  was  recovered  in  the  humin,  and  we  suggested 
that  perhaps  the  reaction  involved  in  the  humin  formation  was 
the  condensation  of  an  aldehyde  with  the  —  NH  group  of  the 
tryptophane  nucleus  (compare  also  Homer,  1913,  a). 

5.  We  suggested  that  it  might  be  possible  so  to  alter  the  con- 
ditions of  hydrolysis  as  to  make  the  tryptophane  plus  carbohy- 
drate reaction  a  quantitative  method  for  the  determination  of 
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tryptophane,  and  stated  that  we  did  not  have  sufficient  material 
at  that  time  to  work  out  the  ideal  conditions  of  the  reaction. 

6.  We  found  that  the  adsorption  of  ammonia  by  the  non- 
nitrogenous  humin  formed  from  Carbohydrates  could  not  be 
an  important  factor  in  the  formation  of  humin  nitrogen. 

These  findings  were  later  confirmed  in  part  and  accepted  by 
Osborne,  Van  Slyke,  Leavenworth,  and  Vinograd  (1915),  and  by 
Van  Slyke  (1915),  these  authors  accepting  the  humin  nitrogen 
formed  in  the  presence  of  carbohydrate  as  representing  86  per  cent 
of  the  tryptophane  nitrogen  present  in  the  original  protein.  Later, 
Grindley  and  Slater  (1915)  took  strong  exception  to  our  findings 
and  state:  "Unfortunately  for  the  good  of  the  methods  for  the 
analysis  of  proteins  the  conclusion  of  Gortner  and  Blish  that  in 
all  probability  the  humin  nitrogen  of  protein  hydrolysis  has  its 
origin  in  the  tryptophane  nucleus  is  apparently  not  true,  since 
humin  contains  in  addition  adsorbed  nitrogen  from  other  amino- 
acids." 

It  seems  to  me  that  this  is  a  rather  sweeping  statement  to 
make  in  the  face  of  findings  (1)  and  (2)  noted  above.  Had  Grind- 
ley  and  Slater  expressed  doubts  as  to  the  humin  nitrogen  being 
a  quantitative  measure  of  the  tryptophane  content  of  the  protein, 
or  that  other  humin  formed  in  the  presence  of  carbohydrate 
was  a  quantitative  measure  of  tryptophane,  I  should  probably 
agree,  inasmuch  as  we  stated  definitely  that  our  data  did  not  per- 
mit us  to  state  the  conditions  under  which  a  quantitative  con- 
version of  tryptophane  to  humin  could  be  obtained.  It  is  to 
be  regretted  if  our  statement,  "When  an  abundance  of  carbo- 
hydrate is  present  nearly  90  per  cent  of  the  tryptophane  nitro- 
gen remains  in  the  humin  nitrogen  fraction.  It  is  suggested  that 
this  property  be  utilized  to  determine  the  approximate  quan- 
tity of  tryptophane  in  proteins/ '  conveyed  the  idea  that  we  put 
this  forward  as  a  quantitative  method.  What  we  intended  to 
suggest  was  that  some  one  should  utilize  this  property  to  elabo- 
rate a  method  which  would  be  quantitative.  Inasmuch  as  no 
one  has  attempted  to  do  this,  I  have  again  taken  up  the  problem 
and,  as  will  be  shown  below,  have  found  that  carbohydrates 
cannot  be  used.  However,  I  still  believe  (due  to  observations 
(1)  and  (2)  above)  that  our  original  conclusion  is  very  near  the 
truth;  i.e.,   "in 'all  probability  the  humin  nitrogen  of  protein 
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hydrolysis  has  its  origin  (at  least  in  part)  in  the  tryptophane 
nucleus."  In  making  this  statement  we  were  thinking  of  the 
hydrolysis  of  a  pure  protein  to  which  nothing  had  been  added. 

At  this  point  it  may  be  well  to  consider  the  material  with 
which  Grindley  and  Slater  worked,  the  results  from  which  ap- 
parently caused  them  to  question  our  findings.  They  subjected 
blood  meal,  tankage,  alfalfa  hay,  white  soy  beans,  cottonseed 
meal,  oats,  barley,  rolled  wheat,  and  whole  wheat  to  acid  hydroly- 
sis and  proceeded  with  the  analysis  of  the  resulting  hydrolysate, 
using  Van  Slyke's  methodf  in  exactly  the  same  manner  as  though 
they  were  dealing  with  a  pure  protein.  They  express  the  results 
obtained  from  the  basic  fraction  as  "arginine  N,"  "cystine  N," 
"histidine  N,"  and  "lysine  N."  What  justification  i&  there 
for  this?  Indeed  what  justification  is  there  for  their  term  "humin 
nitrogen"  if  by  humin  nitrogen  we  mean  the  nitrogen  originating 
from  protein  material  by  acid  hydrolysis?  Van  Slyke  (1915) 
recently  called  attention  to  the  fact  that  his  methods  were  de- 
vised to  be  applied  to  pure  protein  material  and  not  to  a  hetero- 
geneous mixture  of  nitrogen  compounds.  To  be  sure  many 
valuable  comparative  data  can  be  obtained  by  the  application 
of  Van  Slyke's  methods  to  heterogeneous  material,  and  I  have 
already  (1913)  used  them  in  this  connection,  being  careful  to 
state  that  the  "arginine,"  "histidine,"  etc.  were  not  necessarily 
pure  arginine  and  histidine,  but  that  the  nitrogen  of  these  frac- 
tions reacted  in  the  same  manner  as  arginine  or  histidine  nitrogen 
of  a  protein,  and  that  the  results,  while  not  exact,  were  compara- 
tive when  compared  with  similar  material. 

In  this  connection  it  is  of  interest  to  note  the  findings  of  Jan- 
ney  (1916)  on  the  protein  content  of  muscle.  He  states  that 
approximately  IS  per  cent  of  the  nitrogen  of  muscle  is  combined 
in  non-protein  substances. 

If  muscle  contains  such  a  large  percentage  of  non-protein 
nitrogen,  it  seems  very  probable  that  in  the  material  analyzed 
by  Grindley  and  Slater,  there  must  have  been  many  nitrogenous 
organic  compounds  which  had  no  relation  to  the  protein  mole- 
cule, such  as  nitrogenous  fats,  nitrogenous  pigments,  purine 
bases,  pyrimidine  bases,  etc.  How  will  these  behave  to  acid 
hydrolysis?  How  will  they  be  distributed  in  the  subsequent 
distribution  by  Van  Slyke's  method?     For  comparative  results 
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these  questions  need  not  be  answered,  but  it  is  self-evident  that 
no  direct  analogy  can  be  drawn  between  the  analysis  of  a  protein 
mixed  with  an  unknown  amount  of  these  nitrogenous  compounds  and 
the  analysis  of  pure  proteins.  It  is  certain  that  the  humin  nitro- 
gen will  be  altered  to  a  marked  extent  by  the  presence  of  many 
of  these  compounds;  the  humin  nitrogen  of  such  a  mixture  repre- 
sents the  sum  total  of  all  the  nitrogenous  compounds  which 
are  insoluble  in  hot  water  or  dilute  calcium  hydroxide,  together 
with  calcium  salts  of  nitrogenous  organic  acids  or  the  purine  or 
pyrimidine  bases  in  addition  to  the  humin  formed 'from  the 
protein  present.  The  humin  nitrogen  (from  protein  material) 
actually  present  in  such  a  mixture  may  easily  be  a  very  small 
part  of  the  nitrogen  found.  This  is  equally  true  of  the  "humin 
nitrogen"  reported  by  Potter  and  Snyder  (1915)  for  the  hydroly- 
sate  of  certain  soils  and  soil  extracts.  In  one  instance  the  "humin 
nitrogen"  attains  to  21.5  per  cent  of  the  total  nitrogen.  It  is 
perfectly  obvious  that  while  Potter  and  Snyder's  results  are  ex- 
tremely valuable  as  comparative  results,  they  do  not  give  us 
exact  data  regarding  the  nature  of  the  proteins  present  in  the  soil. 
The  actual  arginine,  histidine,  and  lysine  present  in  the  soil 
would  probably  differ  widely  from  the  quantities  indicated  by 
the  method  of  analysis  because  this  method  gives  accurate  data 
regarding  amino-acids  only  when  applied  to  the  analysis  of  pure 
protein. 

I  have  shown  (1913)  that  uric  acid  nitrogen  is  distributed  after 
acid  hydrolysis  15.3  per  cent  as  ammonia  nitrogen,  35.98  per  cent 
as  humin  nitrogen,  12.97  per  cent  as  basic  nitrogen,  and  35.78 
per  cent  in  the  filtrate  from  the  bases.  The  "humin  nitrogen" 
in  this  instance  contained  no  trace  of  black  color  and  was  prob- 
ably calcium  urate. 

In  this  paper  as  well  as  in  the  previous  one  I  am  concerned 
only  with  the  problem  of  protein  nitrogen  and  I  am  ready  to  grant 
that  in  all  probability  the  results  already  given,  and  those  which 
will  be  given  below,  will  not  apply  to  the  analysis  of  heterogenous 
mixtures  of  nitrogenous  compounds. 
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EXPERIMENTAL. 

Throughout  this  work  only  one  protein  has  been  used.  The 
protein  selected  was  Merck's  "fibrin  from  blood."  This  selection 
was  made,  partly  because  of  the  ease  with  which  the  material 
could  be  secured,  and  partly  because  analyses  were  already  on 
record  (Van  Slyke,  1911)  with  which  comparison  could  be  made. 
A  protein  high  in  lysine  was  purposely  chosen  for  reasons  which 
will  be  shown  later. 

The  tryptophane  represented  a  part  of  the  material,  the  analy- 
sis of  which  was  reported  in  our  previous  paper  (Gortner  and  Blish, 
1915).  The  tyrosine  was  prepared  from  silk  waste  in  the  usual 
manner  (Hoppe-Seyler,  1909)  and  was  repeatedly  recrystallized 
from  hot  water. 


A.  Hydrolysis  of  Protein  in  the  Presence  of  Carbohydrates. 

As  far  as  I  am  aware,  the  only  data  dealing  with  the  hydrolysis 
of  a  pure  protein  in  the  presence  of  carbohydrate  material  are 
those  which  have  been  reported  from  this  laboratory  (Gortner 
and  Blish,  1915)  and  those  reported  in  confirmation  of  these 
results  by  Osborne  (1915).  A  summary  of  these  data  is  given 
in  Tables  I  and  II. 

TABLE  I. 

The  Effect  of  Added  Dextrose  on  the  Hydrolysis  of  a  Pure  Protein  (Data 

of  Gortner  and  Blish,  1915). 


Material  hydrolysed. 


gm. 

Zein  1 

Zein  1  -f  tryptophane  0.125 

"     1+  "  0.25 

"     0.5  +  dextrose  0.5 

"  0.5  -f  tryptophane  0.125  +  dex- 
trose 0.5*1  

Tryptophane  0.0125  +  dextrose  0.5. . . 

Gliadin  1 

"       1  +  dextrose  0.25 

"       1+        "         2 


Nitro- 
gen con- 
tent. 


gm. 

0.1525 
0.1696 
0.1868 
0.0762 

0.0933 
0.0171 
0.1700 
0.1700 
0.1700 


Am- 
monia 

N. 


gm. 

0.0316 
0.0316 
0.0290 
0.0154 

0.0158 
None. 
0.0451 
0.0454 
0.0450 


Humin 

N. 


gm. 

0.0007 
0.0077 
0.0070 
0.0014 

0.0154 
0.0148 
0.0010 
0.0016 
0.0039 


Basic 

N. 


gm. 

0.00489 

0.0056 

0.0160 


0.0071 
0.0068 
0.0063 


Non- 
basic 

N. 


gm, 

0.1184 
0.1241 
0.1348 
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TABLE  II. 


The  Effect  of  Added  Dextrose  on  the  Estimation  of  the  Amino-Acids,  by  Van 

Slyke's  Method  (Data  of  Osborne,  1915). 


Nitrogen. 


Ammonia 

Humin 

Cystine 

Arginine 

Histidine 

Lysine 

Amino  N,  in  filtrate. . 
Non-ami  no,  in  filtrate 

Total 


Lactalbumin 

hydrolysed 

alone. 


per  cent 

8.56 
2.32 
1.30 
7.20 
4.57 
12.24 
62.0 
2.0 


100.19 


Lactalbumin 

+  equal  weight 

of  dextrose. 


per  cent 

8.37 
3.70 
1.05 
8.10 
3.22 
12.54 
58.79 
3.58 


99.35 


The  Hydrolysis  of  Fibrin  in  the  Presence  of  Equal  Amounts  of  Dif- 
ferent Carbohydrates. — 3  gm.  of  fibrin  were  boiled  for  48  hours  with 
an  equal  amount  of  dextrose,  lactose,  levulose,  sucrose,  maltose, 
cellulos'e  (Swedish  filter  paper),  and  soluble  starch  (Merck's) 
in  the  presence  of  75  cc.  of  20  per  cent  HC1.  Ammonia  nitro- 
gen and  humin  nitrogen  were1  determined  according  to  Van  Slyke 
(1911),  using  the  entire  hydrolysate.  The  data  are  given  in 
Table  III. 

It  will  be  observed  that,  in  every  instance,  the  added  carbo- 
hydrate approximately  doubled  the  humin  nitrogen  while  the 
ammonia  figures  are  only  slightly  altered.  It  is  probable  that 
there  is  a  very  slight  loss  of  ammonia  nitrogen  due  to  the  added 
carbohydrate  but  this  loss  is  practically  negligible  in  a  protein 
analysis.  The  3  gm.  of  fibrin  taken  for  analysis  contained  ap- 
proximately 0.4550  gm.  of  nitrogen  so  that  the  maximum  change 
of  0.00352  gm.  ammonia  nitrogen  would  equal  only  0.77  percent 
of  the  total  nitrogen.  That  the  actual  change  in  the  amount 
of  ammonia  nitrogen  is  considerably  less  than  this  is  shown  by 
a  reference  to  Table  IV  where,  in  two  duplicate  determinations, 
9  gm.  of  carbohydrate  altered  the  ammonia  nitrogen  only  0.69 
and  0.16  per  cent  of  the  total  nitrogen.  The  last  figure  is  well 
within  the  maximum  error  allowed  by  Van  Slyke  (1911),  0.37 
per  cent.     It  seems  very  probable,   however,   that  the  lower 


R.  A.  Gortner 


183 


TABLE  III. 

The  Ammonia  and  Humin  Nitrogen  Obtained  from  S  Gm.  of  Fibrin  Hydro* 
lyzed  in  the  Presence  of  Equal  Amounts  of  Different  Carbohydrates. 


Carbohydrate  added  (3  gm.). 


None 


Ammonia 

N. 


Average 

Soluble  starch 

Dextrose .' 

Sucrose 

Maltose 

Levulose 

Lactose 

Cellulose  (Swedish  filter  paper) 
tt  u      '  tt  u 


mg. 

46.35 

46.55 

46.15 

46.85 

44.20* 

46.20 

46.42 

42.90 

43.05 

44.65 

43.50 

43.90 

43.15 

44.20 

45.90 

46.90 


Increase 

•    (+) 
or  decrease 

(-). 


Humin  N. 


-3.52 
-3.37 
-1.77 
-2.92 
-2.52 
-3.27 
-2.22 
-0.52 
+0.48 


mg. 

13.15 
13.35 
13.15 
12.85 


t 
t 


Increase 

<+) 
or  decrease 


13.13 
28.60 
28.60 
24.75 
24.30 
25.40 
24.15 
26.75 
23.80 
25.30 


+15.47 
+  15.47 
+11.62 
+11.17 
+12.27 
+11.02 
+13.62 
+10.67 
+12.17 


*  Omitted  from  average. 

t  Humin  not  determined  in  the  usual  manner  on  these  solutions. 

ammonia  determination  is  due  to  a  slower  rate  of  hydrolysis 
when  carbohydrates  are  present.  Osborne  (1915)  states  that 
hydrolysis  is  slower  in  the  presence  of  carbohydrate  material. 
A  more  rapid  hydrolysis  would  have  the  same  effect  as  a  longer 
hydrolysis,  and  more  ammonia  N  would  be  formed  (compare 
Table  VIII  and  footnote  2). 

The  increase  in  the  humin  nitrogen  does  not  appear  to  be  con- 
stant, but  I  believe  that  most  of  the  variation  is  caused  by  un- 
avoidable errors  in  the  washing  of  the  humin.  In  some  instances 
the  humin  "balled"  together,  and  it  is  possible  that  channels 
were  formed  so  that  the  washing  was  incomplete.  •  In  some 
instances  the  filter  practically  clogged  with  a  gummy  humin, 
while  in  other  instances  the  humin  was  granular  and  washed 
as  fast  as  water  could  be  poured  through  it.  It  was  found  near* 
the  end  of  the  experiments  that  the  amount  of  calcium  hydroxide* 
added  in  the  ammonia  determination  determined,  to  a  great 
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extent,  the  nature  of  the  humin.  In  the  presence  of  a  large 
excess  of  lime  the  humin  was  usually  gummy  and  filtered  slowly, 
while  the  granular  condition  was  obtained  when  the  lime  was 
present  in  only  a  slight  excess.  The  table  does  show,  however, 
that  the  ammonia  nitrogen  is  not  greatly  changed  by  the  added 
carbohydrate  and  that  there  is  a  fairly  uniform  increase  in  humin 
nitrogen  regardless  of  the  nature  of  the  carbohydrate  added. 

Hydrolysis  of  Fibrin  in  the  Presence  of  Increasing  Amounts  of 
Carbohydrate. — 3  gm.  of  fibrin  were  hydrolyzed  in  the  presence 
of  1.5,  3.0,  6.0,  and  &.0  gm.  of  cellulose  (Swedish  filter  paper) 
by  boiling  with  75  cc.  of  20  per  cent  HC1  for  48  hours.  The  am- 
monia and  humin  nitrogen  data  are  shown  in  Table  IV. 

TABLE  IV. 

The  Ammonia  and  Humin  Nitrogen  Obtained  from  S  Gm.  of  Fibrin  Hydro- 
lyzed in  the  Presence  of  Increasing  Amounts  of  Carbohydrate. 


Swedish  filter 
paper  added. 


gm. 

Nonc(average) 
1.50 
3.0 

6.0 

9.0 


Am- 
monia 
N. 


mg. 

46.42 
46.70 
46.90 
45.90 
44. SO 
45.00 
43.30 
45.70 


Increase 

(+) 

or  decrease 

Average 

change. 

Humin 

N. 

Increase 
(+>. 

Aver- 
age 
change. 

per  cent 

mg. 

13.13 

per  cent 

+0.28 

+0.60 

19.95 

+  6.82 

51.94 

+0.48 

24.65 

+  11.52 

-0.52 

-0.09 

23.80 

+  10.67 

84.53 

-1.62 

29.35 

+  16.22 

-1.42 

-3.27 

30.55 

+  17.32 

127.7 

-3.12 

33.55 

+20.42 

-0.72 

-4.14 

34.85 

+21.72 

160.4 

Average 
increase  due 
to  each  1.6 

gm.  car- 
bohydrate 

added. 

per  cent 


51.94 
32.59 
21.59 
16.37 


It  will  be  observed  that  there  is  no  uniform  increase  or  de- 
crease of  the  ammonia  nitrogen  due  to  the  added  carbohydrate, 
the  figures  obtained  suggesting  only  chance  variation. 

The  humin  nitrogen,  however,  shows  a  continuous  increase, 
but  this  increase  is  not  a  direct  function  of  the  added  carbohydrate 
but  seems  to  result  from  two  or  more  reactions.  On  the  addi- 
tion of  only  1.5  gm.  of  cellulose  the  humin  nitrogen  increased 
almost  52  per  cent.  This  is  nearly  twice  the  increase  due  to 
the  second  1.5  gm.  (32.59  per  cent).  The  increase  in  humin 
nitrogen  continues  to  fall  until  there  is  average  increase  of  only 
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16.37  per  cent  for  the  fifth  and  sixth  1.5  gm.  of  carbohydrate 
added. 

If  the  mg.  of  humin  nitrogen  obtained  are  plotted  against 
the  gm.  of  added  carbohydrate  it  will  be  found  that  a  very  regu- 
lar curve  is  obtained,  rising  quite  rapidly  at  first  and  then  flat- 
tening out,  with  no  indication  of  ever  reaching  a  straight  line 
maximum.  This  experiment  seems  to  confirm  Grindley  and 
Slater  (1915)  in  their  statement  that  adsorption  of  amino-acids 
by  the  humin  formed  from  carbohydrates  must  be  taken  into 
account.  Adsorption,  absorption,  or  occlusion  must  be  the  cause 
of  at  least  a  part  of  the  continued  increase.  These  factors, 
however,  cannot  explain  the  rapid  increase  of  the  humin  nitro- 
gen due  to  the  first  addition  of  carbohydrate,  where  the  reaction 
is  undoubtedly  largely  a  chemical  one. 

Comparative  Analyses  of  Fibrin  Hydroly  zed  Alone  and  in  the  Pres- 
ence of  Three  Times  Its  Weight  of  Cellulose. — As  noted  earlier,  Os- 
borne (1915)  hydrolyzed  lactalbumin  in  the  presence  of  an  equal 
weight  of  dextrose  and  found  that,  aside  from  an  increase  in  the 
humin  nitrogen,  there  was  no  notable  change  in  any  of  the  other 
fractions.  As  regards  the  basic  fractions  they  state:  "The 
total  nitrogen  of  the  bases  was  not  reduced  at  all  nor  are  the 
proportions  of  amino  to  non-amino  nitrogen  in  the  bases  signifi- 
cantly affected."    Their  analyses  are  reprinted  in  Table  II. 

Grindley  and  Slater  (1915),  on  the  other  hand,  state  that  when 
lysine  and  cystine  are  heated  in  the  presence  of  carbohydrates 
(quantity  not  given)  4.7  per  cent  of  the  lysine  nitrogen  and  6.3 
per  cent  of  the  cystine  nitrogen  remain  in  the  humin  fractions. 
The  loss  of  6.3  per  cent  of  the  cystine  nitrogen  would  in  all  Van 
Slyke  analyses  be  entirely  negligible,  excepting  in  the  analysis 
of  keratin  material.  This  is  shown  by  reference  to  Table  V, 
the  cystine  content  of  the  protein  being  taken  from  Van  Slyke's 
(1911)  data. 

As  to  the  adsorption  of  4.7  per  cent  of  the  lysine  N  by  the  humin, 
Osborne  (1915)  showed  that  when  an  equal  weight  of  carbohydrate 
was  added  to  a  protein  no  such  adsorption  was  detectable.  They 
find  f  om  12.09  to  12.35  per  cent  of  lysine  in  lactalbumin  when 
hydrolyzed  alone  and  12.54  per  cent  in  lactalbumin  hydrolyzed 
in  the  presence  of  an  equal  weight  of  dextrose.  7/  4.7  per  cent 
of  the  lysine  had  been  adsorbed  by  the  humin  the  latter  figure  should 
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TABLE  V. 


The  Error  Introduced  into  a  Van  Sly  he  Analysis  Due  to  the  Adsorption  of 
6.S  Per  Cent  of  the  Cystine  Nitrogen  by  the  Humin. 


Gliadin 

Edestin 

Dog  hair 

Fibrin 

Hemocyanin 


Cystine  oontent 

(Van  Sly ke's  (1911) 

data). 


per  cent 

1.25 
1.49 
6.60 
0.99 
0  80 


Humin  N  gain  due  tc 
6.3  per  cent  of  cystine. 


per  cent 

0.078 
0.093 
0.496 
0.062 
0.020 


have  been  only  11.67  per  cent  In  any  case,  however ,  the  differences 
are  within  the  0.68  per  cent  given  (by  Van  Slyke,  1911)  as  the 
uaverage  difference"  between  duplicate  determinations. 

It  seemed  well,  however,  to  make  a  complete  analysis  of  a 
protein  hydrolyzed  in  the  presence  of  a  large  quantity  of  carbo- 
hydrate. Two  separate  portions  of  approximately  3  gm.  of 
fibrin  and  9  gm.  of  Swedish  filter  paper  were  hydrolyzed  on  an 
electric  hot  plate  with  100  cc.  of  1.115  sp.  gr.  HC1  for  48  hours, 
and  at  the  same  time  two  flasks  containing  an  equal  amount  of 
fibrin  and  acid  but  no  carbohydrate  were  hydrolyzed  on  the 
same  hot  plate.  The  resulting  solutions  were  analyzed  accord- 
ing to  Van  Slyke  (1911,  1912,  a)  using  the  minor  modifications  (as 
regards  dilution,  etc.)  that  I  have  reported  previously  (1913).1 
The  bases  were  precipitated  from  a  volume  of  200  cc,  were  fil- 
tered off  after  cooling  to  nearly  0°,  and  washed  with  washing 
solution  also  cooled  to  near  0°.  The  figures  are  not  corrected 
for  the  solubility  of  the  basic  phosphotungstates.  The  compara- 
tive analyses  are  shown  in  Table  VI. 

It  will  be  seen  that  the  most  notable  change  occurs  in  the 
humin  nitrogen.  Table  VII  shows  the  differences  between  the 
duplicate  determinations,  the  differences  apparently  due  to  the 
addition  of  the  9  gm.  of  carbohydrate  to  3  gm.  of  fibrin,  as  well 
as  the  differences  between  lactalbumin  hydrolyzed  alone  and 
in  the  presence  of  an  equal  weight  of  dextrose  (data  of  Osborne, 
1915).     Van  Slyke's  (1911)  "maximum  difference"  and  "aver- 


1  In  making  these  analyses  I  overlooked  the  recent  modification  of  Van 
Slyke  (1915)  and  liberated  the  bases  with  baryta  as  in  the  earlier  directions. 
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TABLE  VI. 


Comparative  Analyses  of  S  Gm.  Fibrin  Hydrolyzed  Alone  and  in  the  Presence 

of  9  Gm.  of  Carbohydrate  Material. 


Nitrogen. 


3  gm.  fibrin,  no  carbohydrate. 


Total 

Ammonia 

Humin 

Basic 

Arginine 

Hystidine 

Lysine 

Cystine 

Amino,  in  bases 

Amino,  in  filtrate  from 

bases 

Non-amino,    in    filtrate 

from  bases 

Total  recovered 

3  gm.  fibrin  +  9  gm.  cellulose. 

Total 

Ammonia 

Humin 

Basic 

Arginine 

Hystidine 

Lysine 

Cystine 

Amino,  in  bases 

Amino,  in  filtrate  from 

bases 

Non-Amino,    in   filtrate 

from  bases 

Total  recovered 


Nitrogen. 


I. 


gm. 

0.4551 

0.04615 

0.01315 

0.1248 

0.0480 

0.0197 

0.0550 

0.0021 

0.0757 

0.2571 

0.0108 
0.4520 


0.4505 
0.0433 
0.0342 
0.1166 
0.0405 
0.0234 
0.0495 
0.0032 
0.0706 

0.2295 

0.0185 
0.4421 


II. 


Per  cent  of  total  nitrogen. 


gm. 

0.4618 

0.04685 

0.01285 

0.1304 

0.0520 

0.0203 

0.0555 

0.0026 

0.0779 

0.2510 

O.Olfc 
0.4533 


0.4528 
0.0457 
0.0355 
0.1107 
0.0368 
0.0205 
0.0502 
0.0032 
0.0694 

0.2404 

0.0168 
0.4491 


I. 


10.14 
2.89 

10.54 
4.33 

12.09 
0.46 


56.49 

2.37 
99.32 


9.61 
7.59 

8.99 

5.19 

10.98 

0.71 


50.94 

4.11 
98.13 


H. 


10.15 

2.78 

11.27 
4.40 

12.01 
0.56 


54.37 

2.64 
98.18 


10.09 

7.84 

8.13 

4.53 

11.09 

0.71 


53.09 

3.71 
99.19 


Average. 


10.15 
2.83 

10.91 
4.36 

12.05 
0.51 


55.43 

2.51 
98.75 


9.85 
7.72 

8.56 

4.86 

11.04 

0.71 


52.02 

3.91 
98.67 


age  difference"  to  be  expected  between  duplicate  determina- 
tions are  also  included  in  the  table  for  reference. 

By  a  study  of  Table  VII  it  will  be  seen  that  the  differences 
between  the  analyses  of  those  proteins  hydrolyzed  alone  and  in 
the  presence  of  carbohydrate  material  not  to  exceed  three  times 
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the  weight  of  the  protein  are,  in  the  case  of  most  of  the  fractions, 
within  the  maximum  allowed  by  Van  Slyke  for '  experimental 
error.  The  only  differences  which  are  certainly  greater  than 
experimental  error  are  those  of  humin  nitrogen  and  amino  nitro- 
gen in  the  filtrate  from  the  bases.  It  seems  probable,  however, 
that  there  is  a  significant  loss  in  the  arginine  N  and  a  gain  in 
the  non-amino  N  in  the  filtrate  from  the  bases.  As  regards  the 
other  observed  changes,  I  am  inclined  to  regard  them  as  due  to 
experimental  error,  although  the  change  in  lysine  N  due  to 
hydrolysis  in  the  presence  of  three  times  the  protein's  weight 
of  carbohydrate  may  be  significant. 

The  data  already  given  in  Tables  IV,  VI,  and  VII  indicate 
that  an  exact  determination  of  the  chemical  groups  in  proteins 

TABLE  VII. 

The  Difference  between  Duplicate  Analyses  (Due  to  Experimental  Errort), 

the  Difference*  Apparently  Due  to  the  Addition  of  Carbohydrate, 

as  Well  as  Van  Slyke's  _"  Maximum"  and  "Average" 


I 

is* 


£  £  - 

Mi 


Ammonia.. .    

Arginine....^....;...;.. 
Hystidine 

Cystine 

Amino,  in  filtrate  from 

Non-amino,    in   filtrate 
from  baseB 


0.60  ■ 
0.11 
0  00 

2.15 

0  40    ■ 


1.27 
2.14  (0.9 


0.12 
0.20 
0  73 
0  79 

0.61 
0.05 


•  Data  of  Osborne  (1915). 

t  The  figure  in  brackets  represents  the  second  greatest  difference  be- 
tween duplicates  observed  by  Van  Slyke  (1911). 
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by  Van  Slyke's  method  cannot  be  expected  when  an  amount  of 
carbohydrate  equal  to  three  times  the  weight  of  the  protein  is 
present.  To  make  this  point  doubly  sure,  however,  the  fol- 
lowing experiment  was  carried  out. 

The  filtrates  from  the  humin  determinations  of  3  gm.  of  fibrin, 
hydrolyzed  alone  and  in  the  presence  of  3  gm.  of  soluble  starch 
were  evaporated  to  approximately  35  cc.  volume  in  vacuo,  a 
large  excess  of  concentrated  hydrochloric  acid  was  added,  and 
the  solution  again  evaporated  in  vacuo  to  about  35  cc.  This 
solution  was  washed  out  into  the  hydroly zing  flasks  with  1.115 
sp.  gr.  HC1  so  that  the  total  volume  was  75  to  100  cc.  3  gm.  of 
soluble  starch  were  added  to  the  residue,  which  had  been  previ- 
ously hydrolyzed  in  the  presence  of  starch,  and  nothing  was  added 
to  the  residue  which  had  been  hydrolyzed  alone.  The  contents 
of  the  flasks  were  boiled  again  for  48  hours,  and  ammonia  N  and 
humin  N  determined  on  the  resulting  solutions  as  usual.  The 
data  are  given  in  Table  VIII.  It  will  be  seen  that  there  is  a 
marked  gain  of  ammonia  nitrogen  which  does  not  differ  greatly 
in  the  case  of  the  fibrin  +  carbohydrate  from  that  of  the  fibrin 
alone.  The  differences  are  believed  to  be  within  experimental 
error.    Van  Slyke  (1912,  b)  has  observed  this  increase  of  ammonia 

table  vni. 

The  Ammonia  N  and  Humin  N  Formed  from  the  Filtrates  from  the  Humin 

of  S  Gm.  of  Fibrin  +  S  Gm.  of  Starch  when  Boiled  a  Second  Time 

in  the  Presence  of  S  Gm.  of  Starch,  Compared  with  a  Second 

Boiling    {without  Carbohydrate  Addition)  of  the  Filtrate 

from  the  Humin  of  S  Gm.  of  Fibrin  Hydrolyzed  Alone. 


3  gm.  fibrin  -f  3  gm.  starch  (1st  f 
hydrolysis) \ 

Filtrate  from  humin  of  above  hy-1 
drolysate  -f  3  gm.  starch  (2nd  | 
hydrolysis) > J 

3  gm.  fibrin,  no  carbohydrate  (1st  f 
hydrolysis) \ 

Filtrate  from  humin  of  above  hy- 
drolysate,  no  carbohydrate  (2nd 
hydrolysis) 


Ammonia 

N. 


mg. 

42.90 
43.05 

7.80 
8.05 

46.35 
46.55 

10.00 
8.15 


Average 

per  cent  of 

total  N. 


9.45 


1.74 


10.02 


2.00 


Humin  N. 

Average 

per  cent  of 

total  N. 

mg. 

28.60 

28.60 

6.29 

5.85 

6.35 

1.34 

13.15 

13.35 

2.91 

0.65 

1.15 

0.20 
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N  due  to  prolonged  hydrolysis  and  in  certain  unpublished  work 
carried  out  before  Van  Slyke's  results  were  published  I  made 
a  similar  observation.2  In  Table  VIII  there  is  an  increase  of 
18.30  per  cent  of  the  original  ammonia  nitrogen  diite  to  a  fur- 
ther hydrolysis.  The  origin  of  this  ammonia,  and  the  length 
of  time  the  increase  will  continue  are  now  being  studied  at  this 
Experiment  Station. 

The  humin  nitrogen  increases  only  6.79  per  cent  of  the  original 
humin  N  on  further  hydrolysis  when  no  carbohydrate  is  added, 
and  21.32  per  cent  on  the  addition  of  more  carbohydrate  (actually 
46.04  per  cent  increase  calculated  on  the  original  fibrin  +  no 
carbohydrate).  This  would  indicate  that  the  increase  of  115.8 
per  cent  of  humin  N  in  the  first  hydrolysis  was  caused  by  a  chemi- 
cal reaction,  augmented  by  adsorption  or  occlusion  of  other 
amino-acids  by  the  carbohydrate  humin.  The  further  increase 
of  46.04  per  cent  of  the  humin  nitrogen  on  a  second  hydrolysis 
is  almost  conclusive  proof  of  such  adsorption,  absorption,  or 
occjusion. 

A  Comparison  of  Van  Slyke's  (1911)  Analysis  of  Fibrin  with  the 
Data  of  Table  VI. — When  my  analysis  of  fibrin  was  compared 

2  The  following  results  were  obtained  in  February  and  March,  1911,  at 
the  Station  for  Experimental  Evolution,  Carnegie  Institution  of  Washing- 
ton. 

Kahlbaum'8  casein  nach  Hammarsten  (not  further  purified  or  dried) : 
1  gm.  hydrolyzed     8  hrs.  gave  0.0143  gm.  NHS  N. 
1     "  "  26    "        "     0.0153     "      "      " 

1     "  "  120    "        "     0.0183     "      "      " 

or  19.5  per  cent  increase  over  the  26  hours'  hydrolysis. 
Fibrin : 

1  gm.  hydrolyzed      7  hrs.  gave  0.0131  gm.  NHs  N. 
1     "  "  25    "        "     0.0144     "      "      " 

1     "  "  90    "        "     0.0179     "      "      " 

1     "  "  115    "        "     0.0195     "      "      " 

the  last  figure  being  35.4  per  cent  increase  over  25  hours1  hydrolysis. 
Egg  albumin: 

1  gm.  hydrolyzed  6.5  hrs.  gave  0.0112  gm.  NHt  N. 
1     "  "  48    "        "     0.0146     "      "      " 

1     "  "  96    "        "     0.0168     "      "      " 

the  last  figure  being  15.0  per  cent  increase  over  48  hours'  hydrolysis. 

Van  Slyke's  results  were  announced  before  the  work  could  be  repeated 
and  confirmed  on  other  proteins,  and  inasmuch  as  his  data  were  in  sub* 
stantial  agreement  with  my  own  the  investigation  was  discontinued. 
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with  the  analysis  of  Van  Slyke  (1911),  as  in  Table  IX,  there  is 
observed  a  very  close  agreement  in  all  of  the  figures  excepting  in 
the  ammonia  N  and  arginine  N.  The  difference  in  the  ajn- 
monia  figures  is  undoubtedly  due  to  the  fact  that  Van  Slyke 
hydrolyzed  his  fibrin  for  a  shorter  period  than  48  hours.3 

TABLE  IX. 

A  Comparison  of  Fibrin  Analyses  by  Van  Slyke  and  by  the  Author. 


Nitrogen. 


Ammonia 

Humin 

Cystine 

Arginine 

Hystidine * 

Lysine 

Amino,  in  filtrate 

Non-amino,  in  filtrate 

Total 


99.67 


Van  Slyke  • 

Gortner. 

per  cent 

per  cent 

8.32 

10.15 

3.17 

2.83 

0.43 

0.51 

13.14 

10.91 

3.96 

4.36 

11.40 

12.05 

55.40 

55.43 

3.85 

2.51  . 

98.75 


*  Van  Slyke's  figures  are  those  which  were  not  corrected  for  solubility 
of  the  bases.  These  were  taken,  instead  of  the  corrected  values,  so  that 
they  would  be  directly  comparable  with  my  data. 

B.  Hydrolysis  of  Proteins  in  the  Presence  of  Aldehydes. 

In  the  preceding  paper  (Gortner  and  Blish,  1915)  the  follow- 
ing statement  was  made : 

"When  carbohydrates  are  boiled  with  mineral  acids,  a  small  amount  of 
furfural  is  formed  and  it  seems  highly  probable  that  the  reaction  involved 
in  humin  formation  is  the  condensation  of  tryptophane  with  an  aldehyde. 
Miss  Homer  (1913,  a)  has  prepared  condensation  products  of  tryptophane 
with  various  aldehydes  and  states:  'Indole  derivatives  by  virtue  of  the 
—  NH  group  in  the  nucleus  will  react  with  formaldehyde  and  trioxymethyl- 
ene  in  the  presence  of  a  condensing  agent  to  form  substances  of  intense 
color  and  marked  insolubility  in  ordinary  solvents  other  than  concentrated 
mineral  acids.'  " 

It  is  well  known  that  aldehydes  produce  certain  color  reactions  when 
added  to  protein  material,  and  that  addition  products  and  condensation 


*  Van  Slyke  does  not  mention  the  length  of  hydrolysis  for  fibrin  but  in 
other  data  in  the  same  paper  he  speaks  of  hydrolyzing  for  28  hours. 
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products  can  be  obtained  between  aldehydes  and  certain  of  the  amino- 
acids.  For  example,  the  Adamkiewicz  reaction  or  glyoxylic  reaction  (Hop- 
kins and  Cole,  1901)  of  proteins  appears  to  be  due  to  the  presence  of  nascent 
formaldehyde  acting  upon  tryptophane. 

ReichFs  (1890-91)  test  for  tryptophane  in  proteins  depends  upon  a  color 
reaction  produced  in  the  presence  of  benzaldehyde,  50  per  cent  sulfuric 
acid,  and  some  oxidizing  agent  (ferric  chloride). 

The  Ehrlich-Neubauer  (1903)  and  Rohde  (1905)  test  for  tryptophane  is 
dependent  upon  a  coloration  produced  by  p-dimethylaminobenzaldehyde, 
and  Herzfeld  (1913)  has  utilized  this  coloration  to  elaborate  a  colorimetric 
method  for  the  estimation  of  tryptophane  in  the  tryptic  digest  of  proteins. 

Rohde  (1905)  finds  that  the  aliphatic  aldehydes,  formic,  acetic,  propionic, 
or  butyric,  do  not  give  color  reactions  with  proteins,  that  furfural  or  citral 
give  only  a  yellowish  color,  while  all  aromatic  aldehydes  produce  more  or 
less  brilliant  colors,  varying  from  red  to  blue  or  green,  depending  upon  the 
aromatic  aldehyde  used.  He,  likewise,  finds  that  gelatin,  carefully  purified, 
produces  no  color  with  aromatic  aldehydes,  and  that  tyrosine  +  gelatin 
does  not  give  a  color.  He  therefore  concludes  that  the  color  is  produced 
only  in  the  presence  of  tryptophane. 

Steensma  (1906)  extends  Rohde' 8  work  by  testing  the  reaction  of  other 
aldehydes  and  by  showing  the  color  changes  which  may  be  induced  by  a 
trace  of  an  oxidizing  agent  (nitrous  acid). 

It  would  seem  that  all  of  the  color  tests  referred  to  above  are 
produced  by  reactions  which  involve  the  —  NH  group  of  trypto- 
phane instead  of  the  aliphatic  amino  group.  Miss  Homer  (1913,  a 
and  b,  and  1915)  finds  that,  when  a  condensing  agent  is  present, 
formaldehyde  and  trioxymethylene  react  with  tryptophane  to 
form  "substances  of  intense  color  and  marked  insolubility  in 
ordinary  solvents."  Of  course  this  is  merely  the  Adamkiewicz 
reaction,  or  the  glyoxylic  reaction,  carried  further,  so  that  the 
colored  product  is  actually  isolated. 

The  aliphatic  amino  group,  likewise,  reacts  readily  with  alde- 
hydes. Miss  Homer  (1913,  a)  prepared  a  number  of  condensation 
products  of  indole  derivations  with  aldehydes,  tryptophane  being 
one  of  the  indole  compounds  studied.  She  was  able  to  isolate 
a  colorless,  crystalline  compound  of  tryptophane  and  formalde- 
hyde, the  condensation  taking  place  on  the  aliphatic  amino 
group  of  the  tryptophane.  It  seems  very  probable  that  similar 
crystalline  condensation  products  could  be  prepared  from  all, 
or  almost  all,  of  the  amino-acids,  not  only  with  formaldehyde, 
but  with  other  aldehydes.  That  such  a  reaction  takes  place 
very  readily  between  amino-acids  and  formaldehyde  in  neutral 
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solution  is  evinced  by  the  well  known  method  of  Sdrensen  (1908), 
where  formaldehyde  is  used  .to  titrate  the  free  amino-acids  in  a 
solution,  the  reaction  taking  place  being 

R  CH(NH,)COOH  +  HCHO  -  R  CH(N  :  CH2)COOH  +  H,0. 

Trillat  (1892),  Blum  (1896),  Benedicenti  (1897),  Schwara 
(1900),  and  Treves  and  Salomone  (1908)  studied  a  similar  type 
of  reaction  in  which  the  aminoracids  are  replaced  by  an  entire 
protein  molecule.  They  find  that  a  chemical  combination  takes 
•place  between  aldehydes  and  proteins,  presumably  on  the  ali- 
phatic amino  group,  to  form  aldehyde-proteins.  These  com- 
pounds possess  properties  which  are  widely  different  from  the 
parent  protein ;  for  example,  aldehyde-albumin  formed  from  egg- 
white  is  not  coagulated  on  boiling  and  is  not  attacked  by  trypsin. 
It  is  claimed  that  all  of  the  aldehyde  (formaldehyde)  can  be  re- 
moved from  the  aldehyde-protein  by  steam  distillation.  If  this 
is  actually  the  case,  it  would  indicate  a  somewhat  loose  combina- 
tion, and  would  also  indicate  that  the  —  NH  group  of  tryptophane 
and  the  hydroxyl  group  of  tyrosine  were  not  involved  in  the  re- 
action.    Additional  data  are  desirable  on  this  point. 

Ultimate  analyses  of  aldehyde-proteins  (Schwarz,  1900)  and 
of  indole  and  skatole  condensation  products  with  trioxymethylene 
(Homer  1913,  a)  are  on  record,  but  I  have  been  unable  to  find 
any  literature  bearing  on  the  subject  of  the  nitrogen  distribution 
either  in  pure  proteins  or  with  individual  amino-acids,  after 
heating  with  aldehydes  in  the  presence  of  a  condensing  agent. 
It  seemed  advisable,  therefore,  to  make  some  experiments  in 
which  proteins  were  hydrolyzed  in  the  presence  of  aldehydes. 

The  results  which  will  be  reported  in  the  following  pages  are 
unavoidably  incomplete,4  and  serve  mainly  to  show  that  there  is 
here  a  field  worthy  of  more  complete  investigation.  The  data 
which  have  been  collected  to  date  are  here  presented,  and  active 
work  in  this  field  will  be  continued  at  once.  Unless  some  one  has 
already  begun  a  study  of  the  effect  of  the  presence  of  aldehydes 
on  the  nitrogen  distribution  in  the  hydrolysates  of  proteins  and 

4  On  Aug.  1,  1916,  the  writer  transferred  from  the  Division  of  Soils  to 
the  Division  of  Agricultural  Bio-Chemistry,  in  charge  of  the  Section  of 
Biochemical  Research. 
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protein  materials,  I  should  like  to  reserve  this  field  for  the 
present. 

Hydrolysis  of  Fibrin  in  the  Presence  of  Furfural. — As  is  noted 
above,  Gortner  and  Blish  (1915)  postulated  that  perhaps  the 
reactivity  of  the  carbohydrate  was  due  to  furfural.  The  follow- 
ing experiments  were  therefore  made. 

3  gm.  of  fibrin  were  hydrolyzed  by  boiling  for  48  hours  with  75 
cc.  1.115  sp.  gr.  HC1  in  the  presence  of  0.25,  0.50,  1.0,  and  5.0 
cc.  of  freshly  distilled  furfural. 

On  adding  the  furfural  to  the  HC1  +  fibrin,  an  intense  red- 
violet  coloration  formed  at  once  in  the  cold.  The  flakes  of  fibrin 
rapidly  darkened  in  the  cold  solution  so  that  within  2  or  3  minutes 
they  were  jet-black. 

On  an  attempt  to  heat  the  mixture  of  5  cc.  of  furfural  +  75 
cc.  HC1  +  3  gm.  of  fibrin  a  vigorous  reaction  took  place  as  soon 
as  the  solution  began  to  get  warm,  followed  almost  at  once  by 
a  violent  explosion  which  shattered  the  flask.  The  reaction 
began  in  much  the  same  manner  that  sucrose  and  concen- 
trated sulfuric  acid  react  to  form  charcoal. 

In  the  other  experiments  where  smaller  quantities  of  furfural 
were  used,  successful  hydrolysis  was  obtained,  although  the  large 
amount  of  humin  caused  trouble  in  several  instances  in  the  flasks 
containing  1  cc.  of  furfural.  In  two  instances  hydrolysates  con- 
taining 1  cc.  of  furfural  were  lost  because  of  minor  explosions, 
throwing  a  part  of  the  contents  out  of  the  flasks.  The  humin 
in  all  instances  was  jet-black  and  granular,  washed  quite  readily, 
and  was  very  bulky,  that  from  the  hydrolysate  containing  1  cc. 
of  furfural  almost  filling  a  15  cm.  filter  paper.  In  all  experiments, 
except  that  where  only  0.25  cc.  of  furfural  was  used,  the  hydroly- 
sate was  clear,  excepting  for  the  suspended  solid  mass  of  humin; 
i.e.,  all  color  was  insoluble.  The  experimental  data  are  shown 
in  Table  X. 

It  will  be  seen  that  we  have  here  much  the  same  type  of  re- 
action as  that  shown  by  varying  the  amount  of  carbohydrate 
(Table  IV);  i.e.,  a  sudden  initial  rise  in  the  humin  nitrogen,  fol- 
lowed by  a  slow  increase  which  shows  no  sign  of  soon  reaching  a 
maximum.  This  would  indicate  a  chemical  combination  fol- 
lowed by  adsorption  or  occlusion.     Indeed,  it  seems  to  met  to 
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TABLE  X. 
The  Effect  on  Ammonia  N  and  Humin  N  of  Hydrolyzing  8  Gm.  of  Fibrin  in 

the  Presence  of  Varying  Amounts  of  Furfural. 


Furfural  added. 


cc. 

None 
•  (average). 
0.25 
0.50 
1.0 
1.0 


Am- 
monia 

N. 

Increase 

(+) 
or  decrease 

Aver- 
age 
change. 

Humin 

N. 

Increase 
(+). 

Average 
change. 

mg. 

mg. 

per  cent 

mg. 

mg. 

per  cent 

46.42 

13.13 

45.20 

-1.22 

-2.63 

20  20 

+  7.07 

+53.84 

43.90 

-2.52 

-5.43 

22.05 

+  8.92 

+67.94 

44.15 

-2.27 

-4.89 

26.05 

Lost. 

26.55 

+  13.17 

+100.3 

Average  in- 
crease 
due  to  each 

0.25  gm. 

furfural. 

per  cent 


53.84 
14.09 

16.18 


be  extremely  probable  that  the  humin  formed  from  carbohydrates 
is  actually  formed  from  furfural,  which  is  in  turn  formed  from 
carbohydrates.  The  polymerization  (?)  of  furfural  to  humin 
by  strong  HC1  takes  place  very  rapidly,  and,  when  a  very  con- 
siderable amount  of  furfural  is  present,  may  assume  explosive 
violence. 

In  order  to  arrive  at  some  idea  as  to  the  proportions  of  humin  formed 
from  furfural,  and  from  carbohydrate  material,  I  boiled  1  cc.  of  furfural 
(1.165  gm.)  with  100  cc.  of  1.115  sp.  gr.  HC1  for  18  hours,  filtered  the  result- 
ing humin  on  a  weighed  Gooch  crucible,  washed  with  warm  water,  dried 
at  105°,  and  weighed;  0.8902  gm.  of  black  insoluble  "humin"  was  obtained 
or  76.40  per  cent  of  the  original  furfural.  From  3  gm.  of  Swedish  filter  paper 
treated  in  a  similar  manner  only  0.4650  gm.  humin  was  obtained  or  15.50 
per  cent  of  the  original  carbohydrate. 

It  is  obvious  from  the  above  work  that  carbohydrates  and 
furfural  behave  in  the  same  manner  when  added  in  a  protein 
hydrolysis.  Both  chemical  and  physical  reactions  take  place 
and  the  increase  in  the  nitrogen  content  of  the  humin  cannot 
be  definitely  assigned  to  any  amino-acid  or  groups  of  amino-acids. 

Hydrolysis  of  Fibrin  in  the  Presence  of  Benzaldehyde. — The  pre- 
ceding experiment  was  repeated,  replacing  the  furfural  with  ben- 
zaldehyde using  0.5, 1.0, 2.0, and 4.0 cc,  respectively.  Benzoic  acid 
crystals  were  present  in  all  flasks  at  the  end  of  the  hydrolysis. 
Free  b3nzaldehyde  likewise  distilled  off  in  all  experiments,  except 
that  where  0.5  cc.  was  added,  and  in  this  instance  there  was 
still  a  detectable  odor. 
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In  the  case  of  1,  2,  and  4  cc.  of  benzaldehyde,  the  humin 
"balled"  together  into  a  cake  which  was  pasty  when  hot,  but  hard 
when  cold.  The  liquid  in  the  flasks  had  no  trace  of  black  color, 
except  in  that  where  only  0.5  cc.  of  benzaldehyde  was  added. 
In  all  of  the  others  the  liquid  was  light  yellow  during  the  last 
half  of  the  hydrolysis.  This  is  a  notable  exception  to  the  usual 
course  of  hydrolysis  (compare  also  the  furfural,  which  acted  in 
a  similar  manner). 

After  the  first  experiments  had  been  completed,  it  was  founcl 
desirable  to  separate  the  humin  into  two  fractions,  "acid-insolu- 
ble" and  "acid-soluble."  The  acid-insoluble  humin  was  obtained 
in  two  additional  experiments  by  diluting  the  hydrolysate,  fil- 
tering off  the  insoluble  humin,  and  washing  it  free  from  acid.  The 
filtrate  from  the  acid-insoluble  humin  was  then  concentrated 
as  usual,  to  get  rid  of  the  excess  of  HC1,  calcium  hydroxide  added, 
and  the  ammonia  distilled  off.  The  "acid-soluble"  humin  was 
adsorbed  by  of  combined  with  the  lime,  and  was  determined  in 
the  usual  manner  for  the  humin  determination. 

In  those  experiments  where  no  benzaldehyde  was  added,  the 
filtrate  from  the  "acid-insoluble"  humin  was  jet-black,  and, 
as  is  shown  in  the  table,  contained  nearly  50  per  cent  of  the  nor- 
mal humin  N.  The  "acid-soluble"  humin  from  the  benzalde- 
hyde experiments  formed  a  light  tan  colored  precipitate,  very 
small  in  amount  as  compared  with  the  usual  humin  precipitate. 
The  data  are  shown  in  Table  XI. 

It  will  be  noted  that  decidedly  different  results  are  obtained 
with  benzaldehyde  from  those  obtained  in  the  presence  of  carbo- 
hydrates or  furfural.  The  reactions  here  appear  to  be  wholly 
chemical.  The  ammonia  nitrogen  is  probably  not  significantly 
altered  by  the  amounts  of  benzaldehyde  used,  although,  as  will 
be  shown  later,  there  is  possibly  some  deamination  with  the 
larger  quantities  of  benzaldehyde. 

The  humin  nitrogen  rises  rapidly  to  a  maximum  of  approxi- 
mately double  the  amount  of  the  humin  N  produced  in  the  ordi- 
nary hydrolysis.  There  is  some  indication  that  the  maximum 
amount  of  humin  nitrogen  is  not  reached  when  the  larger  quanti- 
ties of  benzaldehyde  are  present.  This  is  almost  certainly  the  case 
when  the  benzaldehyde  is  replaced  by  formaldehyde  (see  later). 
The  major  part  (92  to  95  per  cent)  of  the  humin  nitrogen  formed 


R.  A.  Gortner 


197 


TABLE  XI. 

The  Effect  on  Ammonia  N  and  Humin  N  of  Hydrolyzing  S  Gm.  of  Fibrin  in 
the  Presence  of  Varying  Amounts  of  Benzaldehyde. 


Bensaldehyde 
added. 

Ammonia 

N. 

Change. 

Acid- 
insoluble 
humin. 

Acid- 
soluble 
humin. 

Total 
humin. 

Increase. 

cc. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

per  cent 

None 

(average). 

46.42 

13.13 

0.5 

46.  OS 

-0.37 

23.15 

10.02 

76.30 

1.0 

44.76 

-1.67 

25.75 

.  12.62 

96.12 

2.0 

48.70 

+2.28 

25.80 

12.67 

96.49 

4.0 

52.65 

+6.23 

25.25 

12.12 

92.30 

1.0 

46.05 

-0.37 

23.70 

2.05 

25.75 

12.62 

96.12 

3.0 

47.50 

+1.08 

23.45 

0.85 

24.30 

11.17 

85.04 

None. 

44.20 

6.50 

5.55 

12.05 

u 

46.20 

7.50 

5.15 

12.65 

in  the  presence  of  benzaldehyde  is  insoluble  in  acids,  while  in 
the  hydrolysate  of,  fibrin  alone,  approximately  45  per  cent  of 
the  humin  nitrogen  was  acid-soluble,  forming  a  jet-black  solution 
in  the  diluted  hydrochloric  acid,  but  being  completely  adsorbed 
by  or  combining  with  the  lime  in  the  ammonia  determination. 
Just  what  significance  lies  in  the  ' 'acid-insoluble' '  and  "acid- 
soluble"  figures  will  be  made  a  subject  for  further  investigation. 

Hydrolysis  of  Fibrin  in  the  Presence  of  Formaldehyde. — The  ex- 
periments with  furfural  and  benzaldehyde  were  repeated,  using 
instead  0.5,  1.0,  2.0,  and  4.0  cc.  of  a  40  per  cent  solution  of  for- 
maldehyde. The  figures  obtained  for  those  experiments  where 
0.5  and  4.0  cc.  were  used,  were  so  unexpected  that  they  were  re- 
peated at  a  later  date  and,  to  my  surprise,  were  confirmed.  The 
data  obtained  are  shown  in  Table  XII. 

It  will  be  seen  that  here,  again,  we  are  dealing  with  a  number 
of  chemical  reactions.  The  ammonia  nitrogen  falls  significantly 
when  small  quantities  of  formaldehyde  are  added,  but  rises  very 
rapidly  when  larger  quantities  are  present.  This  rise  must  be 
due  to  deamination,  but  with  the  data  at  hand  it  is  impossible 
to  obtain  any  definite  idea  of  the  reactions  involved. 

In  all  cases  the  filtrate  from  the  acid-insoluble  humin  was  dark 
red-brown,  in  decided  contrast  to  that  from  the  experiments  where 
furfural  or  benzaldehyde  was  used.     Only  small  quantities  of 
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TABLE  XII. 
The  Effect  on  Ammonia  N  and  Humin  N  of  Hydrolyzing  S  Gm.  of  Fibrin  in 
the  Presence  of  Varying  Amounts  of  Formaldehyde. 


40  per  cent 

formaldehyde 

added. 

Ammonia 

N. 

Change 
(average) . 

Acid- 
insoluble 
humin. 

Acid- 
noluble 
humin. 

Total 
humin. 

Increase 
(average) . 

cc. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

percent 

None 

(average). 

46.42* 

• 

13.13* 

None 

(average  ).f 

45.20 

7.00 

5.35 

12.35 

0.5 

40.45 

-  5.92 

9.75 

22.15 

31.90 

19.02 

144.8 

0.5 

40.55 

8.35 

23.85 

32.20 

1.0 

42.35 

-  4.07 

2.15 

31.80 

33.95 

20.82 

158.6 

2.0 

50.55 

+  4.13 

1.60 

34.25 

35.85 

22  72 

173.0 

4.0 

69.55 

+21.56 

1.20 

30.15 

31.35 

18.75 

142.8 

4.0 

66.40 

2.05 

30.35 

32.40 

*  Used  as  a  standard  check  in  all  the  tables, 
t  Data  of  Table  XL 

acid-insoluble  humin  were  obtained  from  those  experiments  where 
1  cc.  or  more  of  formaldehyde  was  present,  and  this  humin  lacked 
the  intense  black  color  normally  present,  being  decidedly  brown. 
The  acid  filtrate,  on  concentration,  yielded  a  red-brown  resin, 
which  was  easily  soluble  in  hot  water,  forming  a  red-brown  solu- 
tion. The  filtrate  from  the  acid-soluble  humin,  in  the  experi- 
ment where  4  cc.  of  formaldehyde  were  used,  was  dark  red  but 
clear.  The  red  color  diminished  in  intensity  down  to  0.5  cc. 
of  formaldehyde,  where  the  color  was  but  slightly  deeper  yellow 
than  normal. 

With  the  data  at  hand  it  is  impossible  to  determine  what  re- 
actions are  involved  in  the  initial  gain  of  approximately  30  per 
cent  in  acid-insoluble  nitrogen  in  the  case  where  0.5  cc.  of  HCHO 
was  added,  followed  almost  at  once  by  a  rapid  fall,  amounting 
to  a  loss  of  nearly  70  per  cent  of  the  insoluble  humin  when  1.0 
cc.  of  HCHO  was  added.  The  insoluble  humin  N  which  was  lost 
appears  to  be  recovered  in  the  "acid-soluble"  humin  N  but  it 
is  impossible  to  state  whether  this  is  actually  the  case  or  whether 
it  remains  in  the  filtrate  from  the  humin. 

The  Nitrogen  Distribution  of  Tyrosine  and  Tryptophane  when 
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Boiled  with  Benzaldehyde  and  Formaldehyde. — In  view  of  the  pecu- 
liar results  obtained  by  hydrolyzing  fibrin  in  the  presence  of  ben- 
zaldehyde and  formaldehyde,  it  was  thought  advisable  to  test  out 
the  effect  of  these  aldehydes  on  individual  amino-acids.  The  only 
amino-acids  which  were  available  at  this  time  were  tryptophane 
and  tyrosine.  Both  of  these  compounds  are  of  special  interest. 
Tryptophane  is  important  in  view  of  my  belief  (Gortner  and 
Blish,  1915)  that  a  very  considerable  portion  of  the  humin  nitro- 
gen of  protein  hydrolysis  has  its  origin  in  the  tryptophane  mole- 
cule. 

Tyrosine  should  be  of  special  importance  in  a  study  involving 
formaldehyde  and  hydrochloric  acid.  It  has  long  been  known 
that  phenols  will  react  with  formaldehyde  to  form  various  prod- 
ucts depending  upon  the  conditions  under  which  the  reaction 
is  carried  out5  and  it  seemed  very  probable  that  tyrosine,  because 
of  its  hydroxyl  group,  would  form  a  resin  with  formaldehyde 
when  heated  in  the  presence  of  strong  hydrochloric  acid. 

When  formaldehyde  was  added  to  tryptophane  +  HC1,  a 
light  yellow-gray  precipitate  separated  in  the  cold.  This  is 
probably  Miss  Homer's  (1913,  a)  crystalline  condensation  product, 
although  the  granules  showed  no  crystal  form  under  a  magni- 
fication of  600  diameters.  On  warming,  the  solution  rapidly 
became  black  and  a  very  considerable  amount  of  black  insoluble 
humin  separated.  The  acid  filtrate  from  the  insoluble  humin 
was  in  every  instance  deep  red.  This  red  color  remained  in  the 
"soluble  humin"  fraction,  the  filtrate  from  the  soluble  humin 
having  the  usual  yellowish  color. 

Adding  benzaldehyde  to  the  tryptophane  +  HC1  and  warm- 
ing produced  an  intense  black  coloration.  Within  a  short  time 
after  boiling  began,  however,  the  insoluble  humin  "balled" 
together,  leaving  the  liquid  light  yellow.  The  small  amount  of 
"soluble  humin"  was  snow  white,  and  was  probably  only  lime. 

Tyrosine  +  benzaldehyde  +  HC1,  on  heating,  did  not  develop 
a  black  color  throughout  the  solution,  the  only  blackening  which 
occurred  seemed  to  be  in  the  benzaldehyde  floating  upon  the  sur- 
face of  the  acid.     This  gradually  darkened  so  as  to  be  almost 

*  For  the  literature  and  a  discussion  of  these  reactions,  see  Baekeland 
(1909,  a  and  b). 


200 


Acid  Hydrolysis  of  Proteins.     II 


o 

00 


o 


*> 

•< 

^ 


co  ei  «-«   co  i-H 

O)  O  ^t  Q  o>  m     00  CO 

S«i  ^  io  op  ©  go  »o 

O  O  O  Oj  O  0}  o 


SiOiQOQOQiQ 
ShhiOWWhWCO 

►3         .    ^^ 


I    S.SJs 


—  a 


I'M 


"0  —  .-3       ~ 

4!  =  1*3 


=  8- 


a      8     88822382 


© 
•S- 

S  3       © 


ft) 

a 
o 


3 


»o    • 

2d  § 


to  o 


i-3    "3 

i 

iQlflOlfllQtAlAtAlflQ 

■^«oO'-"Ncou5u5u5oo»o 

"*a  5 

OC^C0OOOi-«i-««-«C^ 

i 

© 
>> 


oj 

8  2 

4-  *  S 

.3    ■«-»  O  2 

O    >.  Q- 


a> 

a 

CO 

o 


0) 

a 

c3 

a 

O 


0) 

c 

o 


(N   IN  U5  «5  (N  "5 

T3 
>> 

O 

T3  »     *     -     ,.     * 

m  co  co   g 

u 
0)  o 

.fl  C  -     "•     <•     <•     •• 

a  <S  •    "    "    ~    m 


5 

08 

eS 

a 

a 

ao 


o 

00 


o 

03 

hi 

o 

Urn 

U 
O 

o8 
* 

O 
-C 

a 
"o 

•      . 

CD     •- 

.ZZ     <D 

0     C8 
«     * 

_§  "3 
5  » 
«~  -a 

•§  * 

-D    © 

o    *" 

°  s? 

Pu.    it 

0B 

.     B 

I*     O 

08    «5 

bf)    £ 

c   E 

"3     ft) 

o  © 

•*a    s 

&5  a 


d 

03 

"(5 

J 

a 
o 

•  ■■4 

eS 

a 


5 
"3 

O 

< 


"2 
o 


a 

o 


•q    «J  •« 


oj  £ 

3  2 


K3     flj 
08 


«a 


0) 

"3  _a 

C9  O 


R.  A.  Gortner  201 

black,  and  on  cooling,  solidified  to  a  black  mass.  The  filtrate 
from  the  acid-insoluble  humin  was  bright  orange. 

On  boiling  tyrosine  with  formaldehyde  +  HC1,  no  black  colora- 
tion appeared.  The  solution  darkened  slightly,  however,  a  red- 
yellow  coloration  being  produced.  On  evaporating  off  the  HC1, 
a  red-yellow  resin  was  left,  which  easily  dissolved  in  hot  water. 
The  calcium  precipitate  (soluble  humin)  was  light  yellow,  gelat- 
inous, and  filtered  slowly.  The  filtrate  from  the  soluble  humin 
was  bright  orange,  the  color  deepening  with  increasing  amounts 
of  formaldehyde. 

The  experimental  data  are  given  in  Table  XIII.  It  is  use- 
less to  discuss  the  individual  experiments  until  additional  data 
are  obtained.     Several  notable  differences  are,  however,  apparent. 

1.  The  ammonia  determinations  show  that  deamination  of 
both  amino-acids  takes  place  under  the  influence  of  either  alde- 
hyde, and  that  this  deamination  occurs  somewhat  more  readily 
in  the  case  of  tryptophane. 

2.  Heating  with  HC1  in  the  presence  of  behzaldehyde  causes 
a  large  percentage  of  the  nitrogen  of  both  tryptophane  and  ty- 
rosine to  remain  in  the  "acid-insoluble"  humin. 

3.  Heating  with  HC1  in  the  presence  of  formaldehyde  produces 
a  very  considerable  amount  of  acid-insoluble  humin  in  the  case 
of  tryptophane  and  no  acid-insoluble  humin  in  the  case  of  tyro- 
sine. A  very  considerable  proportion  of  the  tyrosine  nitrogen 
is  retained  in  the  acid-soluble  humin. 

4.  Increasing  the  amount  of  formaldehyde  used  decreases  the 
yield  of  "humin"  nitrogen  formed  from  tyrosine,  the  nitrogen 
returning  to  a  form  in  which  it  is  not  precipitated  by  calcium 
hydroxide. 

SUMMARY. 

1.  The  figures  for  ammonia  N  in  a  protein  hydrolysate  are  not 
significantly  altered  when  the  hydrolysis  is  carried  out  in  the 
presence  of  a  quantity  of  carbohydrate  equal  to  three  times  the 
weight  of  the  protein  material. 

2.  Humin  nitrogen  is  greatly  increased  by  the  addition  of  car- 
bohydrate material.  This  increase  is  probably  due  both  to 
chemical  and  physical  causes. 
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3.  Tryptophane  cannot  be  accurately  estimated  by  hydrolyzing 
proteins  in  the  presence  of  carbohydrates. 

4.  If  the  weight  of  carbohydrate  material  present  during  pro- 
tein hydrolysis  greatly  exceeds  the  amount  of  protein,  an  accurate 
nitrogen  distribution,  by  Van  Slyke's  method,  cannot  be  obtained. 

5.  Attention  is  called  to  the  fact  that,  when  nitrogenous  com- 
pounds other  than  proteins  are  present  in  a  hydrolysate,  no  reli- 
ance can  be  placed  upon  the  figures  obtained  in  any  of  the  frac- 
tions, as  representing  actual  amino-acids.  Such  data  should 
not  be  compared  with  those  obtained  by  the  analysis  of  pure 
proteins. 

6..  When  fibrin  is  hydrolyzed  in  the  presence  of  furfural,  the 
humin  nitrogen  is  greatly  increased,  but  is  seems  probable  that 
this  increase  is  due,  not  only  to  a  chemical  reaction,  in  which 
certain  amino-acids  combine  with  furfural,  but  also  to  adsorp- 
tion or  occlusion  of  other  amino-acid  nitrogen  by  the  humin. 

7.  When  furfural  is  boiled  with  strong  hydrochloric  acid  ap- 
proximately 75  per  cent  by  weight  is  converted  into  a  black  in- 
soluble mass.  It  is  suggested  that  perhaps  the  humin,  formed 
from  carbohydrates  by  boiling  with  hydrochloric  acid,  is  actually 
formed  from  furfural,  which  is  in  turn  formed  from  the  carbo- 
hydrate. 

8.  When  fibrin  is  hydrolyzed  in  the  presence  of  benzaldehyde, 
the  humin  nitrogen  rises  rapidly  to  a  maximum  of  approximately 
double  the  amount  produced  by  ordinary  hydrolysis.  This 
humin  nitrogen  is  nearly  all  "acid-insoluble."  The  reaction 
here  appears  to  be  wholly  chemical.  The  ammonia  nitrogen 
is  not  significantly  altered,  although  there  is  evidence  that  some 
deamination  takes  place. 

9.  When  fibrin  is  hydrolyzed  in  the  presence  of  formaldehyde, 
there  is  an  initial  gain  of  "acid-insoluble"  humin  where  small 
amounts  of  formaldehyde  are  used,  but  a  large  lops  when  greater 
quantities  are  present.  The  total  humin  nitrogen  (acid-insolu- 
ble +  acid-soluble  humin)  is  fairly  uniform  for  all  quantities 
of  formaldehyde,  and  shows  an  increase  of  approximately  150 
per  cent  of  the  normal  humin  nitrogen.  Deamination  occurs 
in  the  presence  of  the  larger  quantities  of  formaldehyde. 

10.  Both  tryptophane  and  tyrosine  yield  a  very  considerable 
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proportion   of   "acid-insoluble-"   humin   nitrogen,    when   boiled 
with  hydrochloric  acid  in  the  presence  of  benzaldehyde. 

11.  When  tryptophane  is  boiled  with  formaldehyde,  in  the 
presence  of  hydrochloric  acid,  a  very  considerable  part  of  the 
nitrogen  is  retained  in  the  acid-insoluble  humin.  This  is  in 
decided  contrast  to  the  behavior  of  tyrosine,  where  no  acid- 
insoluble  humin  is  formed,  but  where  a  greater  or  less  percentage 
of  the  nitrogen  is  retained  in  the  "acid-soluble"  humin,  the  amount 
retained  depending  upon  the  quantity  of  formaldehyde  present. 
Some  deamination  occurs  in  both  amino-acids,  when  heated  with 
either  aldehyde,  in  the  presence  of  hydrochloric  acid. 

The  work  is  being  continued  along  lines  suggested  by  these 
results. 
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Very  little  work  has  been  done  to  determine  the  amount  of  uric 
acid  which  urines  from  normal  individuals  can  take  up  by  being 
shaken  with  pure  uric  acid.  The  only  investigations  of  con- 
sequence are  those  of  Hindhede1  and  Blatherwick.2 

Certain  researches  reported  elsewhere  by  the  author3  involved 
the  determination  of  the  power  of  normal  urines  to  dissolve  uric 
acid,  and  it  may  be  of  interest  to  report  the  findings  in  full  in 
this  paper.  We  had  hoped  to  discover  all  the  main  factors  on 
which  the  uric  acid  dissolving  power  of  urines  depends,  so  as 
to  be  able  on  the  basis  of  certain  data  to  foretell  approximately 
how  much  uric  acid  would  be  dissolved  by  a  particular  urine. 
In  this  we  were  doomed  to  disappointment.  The  only  factors 
which  we  have  proved  to  play  a  definite  part  are  the  acidity  of 
the  urine  and  its  concentration.  Some  urines  that  are  slightly 
acid  and  all  those  that  are  neutral  or  alkaline  dissolve  extra  uric 
acid.  On  the  other  hand  thq  solvent  power  of  urines  of  ordinary 
concentration  is  distinctly  increased  by  dilution.  For  instance, 
the  total  uric  acid  dissolved  by  100  cc.  of  urine  after  being  diluted 
with  300  cc.  of  distilled  water  may  be  even  twice  as  much  as  that 
dissolved  by  100  cc.  of  undiluted  urine.  This  will  explain  why 
we  have  reported  the  dilute  urines  in  a  separate  table. 

1  Hindhede,  M.,  Skand.  Arch.  Physiol.,  1912,  xxvi,  384. 

1  Blatherwick,  N.  R.,  Arch.  Int.  Med.,  1914,  xiv,  409. 

•Haskins,  H.  D.,  Arch.  Int.  Med.,  1915,  xvi,  1055;  1916,  xvii,  405. 
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TABLE  I. 

Solvent  Action  of  Dilute  Urines. 


Uric  uid  content. 

ToteJ  urio  udd. 

dtoM 

Urine  No. 

Aoidiij-.  Pa. 

Mg,  p*rioD*e. 

1 

7.3 

9.8 

154.5 

144.8 

2 

7.1 

15.0 

172.3 

157.3 

3 

7.0 

20.4 

138.8 

118.4 

4 

6  95  . 

16  5 

122.7 

105.7 

5 

6.95 

8  4 

78.0 

69.6 

6 

6.95 

9.2 

67.6 

58.4 

7 

6.9 

8.3 

150.1 

141. 8 

8 

6.9 

9.0 

139  1 

130.1 

9 

6.9 

8.3 

120.0 

111.3 

10 

6  85 

8.3 

144  5 

136.2 

11 

6.85 

19.4 

128.7 

109.3 

12 

6.8 

18.8 

135.6 

116.8 

13 

6.8 

13.2 

121.2 

108.0 

14 

6.8 

7.5 

109.7 

102.2 

15 

6  8 

8.2 

90.4 

82.1 

16 

6.8 

11  1 

89.3 

78.2 

17 

6.8 

9.2 

70.0 

60.8 

18 

6.75 

8.3 

91,3 

83.0 

19 

6  75 

12  0 

89.3 

77.3 

20 

6.75 

9.0 

75.6 

66.6 

21 

6.75 

8.8 

66.0 

57.2 

22 

6.7 

8.3 

105.0 

96.8 

23 

6.7 

19.6 

86  0 

66  4 

24 

6.7 

15.5 

81.9 

68.4 

25 

6.7 

7.5 

69.0 

61.5 

26 

6.7 

28.5 

87.5 

59.0 

27 

6.7* 

8.4 

56.4 

48  0 

28 

6.7 

15  2 

48.6 

33  4 

29 

6.65 

18.0 

252.4 

234.4 

30 

6.65 

7.5 

73.5 

66.0 

31 

6.65 

15.2 

69.6 

54  4 

32 

6.65 

7.5 

51  1 

43.7 

33 

6.6 

7.5 

833 

75  8 

34 

6.6 

18.7 

93.1 

74.4 

35 

6  6 

9  0 

72.0 

63.0 

36 

6.6 

7  1 

61.5 

54  4 

37 

6.0 

9.0 

59.3 

50  3 

38 

6.6 

9.2 

50.0 

40.8 

39 

6.55 

15.0 

62.9 

48.0 

40 

6  55 

20.6 

57.8 

.37.3 
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TABLE  I— Concluded. 


Uric  mid  content. 

Total  urin  acid. 

Urine  No. 

Acidity.  Pa. 

Mg.  ncr  100  co. 

41 

6.5 

12.2 

76  2 

03  9 

42 

6.5 

15.2 

66  0 

50 .8 

U 

6.5 

9.7 

59.3 

49.6 

44 

6.5 

8.2 

50.4 

42.2 

45 

6.5 

22.0 

54.0 

32  0 

46 

6  45 

10.8 

72.4 

61 .6 

47 

6.45 

7.8 

59.0 

51  5 

48 

IS  45 

7.6 

41.2 

33  6 

49 

6.45 

22. S 

55.6 

32  8 

SO 

6  45 

8  4 

26.8 

18.4 

51 

6.4 

19.7 

63.4 

'48  8 

52 

6.4 

28,0 

74.9 

47.0 

53 

6.4 

7.6 

3S.S 

31.2 

54 

6.4 

24.8 

52.4 

27.0 

55 

6.35 

7.5 

30.4 

22.9 

56 

6  35 

7.6 

26.8 

19.2 

57 

6.35 

8.4 

14.0 

5.6 

58 

6.3 

9.0 

106.5 

97.5 

59 

6.3 

7.5 

41.3 

33  8 

60 

6.3 

12.4 

31.6 

19.2 

61 

6.25 

7.G 

27  1 

19.5 

62 

6.25 

7.0 

21.2 

13.6 

63 

6.2 

15.6 

22.8 

7.2 

64 

6.0 

14  4 

52  3 

37.9 

65 

6.0 

10.0 

22.0 

12.0 

66 

5  95 

10  7 

25.5 

14.8 

67 

5.8 

9.2 

29.2 

20  0 
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TABLE  II. 

Solvent  Action  of  Less  Dilute  Urines. 


Uric  acid  content. 

Total  uric  acid. 

Uric  acid 
dissolved. 

Urine  No. 

Acidity,  Ph. 

Mg.  per  100  cc. 

68 

7.2 

45.8 

234.3 

188.5 

69 

7.2 

61.9 

250.1 

188.2 

70 

7.2 

56.3 

238.4 

182.0 

71 

7.1 

72.4 

244.4 

172.0 

72 

7.1 

50.4 

185.8 

135.4 

73 

7.1 

91.8 

210.2 

118.4 

74 

7.1 

96.8 

202.5 

105.8 

75 

7.0 

63.8 

291.8 

228.0 

76 

7.0 

70.1 

276.0 

205.9 

77 

7.0 

49.2 

247.6 

108.4 

78 

7.0 

52.4 

240.0 

187.6 

79 

7.0 

54.8 

234.8 

180.0 

80 

7.0 

45.2 

207.6 

162.4 

81 

7.0 

46.8 

183.6 

136.8 

82 

7.0 

87.6 

.    193.2 

105.6 

83 

6.95 

44.4 

142.8 

98.4 

84 

6.95 

27.6 

122.0 

94.4 

85 

6.95 

•  70.8 

162.8 

92.0 

86 

6.95 

36.4 

120.4 

84.0 

87 

6.95 

47.4 

123.7 

76.2 

88 

6.95 

40.4 

105.2 

64.8 

89 

6.95 

82.0 

144.4 

62.4 

90 

6.95 

55.6 

114.4 

58.8 

91 

6.9 

37.5 

343.1 

305.7 

92 

6.9 

122.8 

282.0 

159.2 

93 

6.9 

71.4 

230.2 

158.8 

94 

6.9 

34.5 

137.3 

102.8 

95 

6.8 

62.0 

216.4 

154.4 

96 

6.8 

42.8 

174.0 

131.2 

97 

6.8 

31.6 

145.2 

113.6 

98 

6.8 

42.8 

145.2 

102.4 

99 

6.8 

87.6 

165.2 

77.6 

100 

6.8 

41.2 

114.0 

72.8 

101 

6.8 

51.6 

122.0 

70.4 

102 

6.8 

47.6 

101.2 

53.6 

103 

6.8 

52.4 

102.0 

49.6 

104 

6.8 

60.8 

100.0 

39.2 

105 

6.8 

38.8 

74.0 

35.2 

106 

6.7 

50.0 

198.0 

148.0 

107 

6.7 

78.8 

180.4 

101.6 
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table  n— Concluded. 


Urine  No. 

Acidity,  Ph. 

Uric  acid  content. 

Total  uric  acid. 

Uric  acid 
dissolved. 

Mg.  per  100  cc. 

108 

6.7 

58.0 

134.0 

76.0 

109 

6.7 

27.1 

95.7 

68.6 

no 

6.7 

46.0 

107.6 

61.6 

111 

6.7 

53.2 

102.0 

48.8 

112 

6.7* 

56.0 

104.7 

48.7 

113 

6.65 

50.0 

186.8 

136.8 

114 

6.65 

26.8 

93.2 

66.4 

115 

6.65 

74.0 

105.2 

31.2 

116 

6.65 

29.2 

60.4 

31.2 

|17 

6.6 

26.8 

123.6 

96.8 

118 

6.6 

43.1 

136.3 

93.2 

119 

6.6 

83.0 

158.5 

75.5 

120 

6.5 

42.0 

73.0 

31.0 

121 

6.5 

42.0 

68.4 

26.4 

122 

6.5 

66.0 

78.8 

12.8 

123 

6.45 

41.2 

100.4 

59.2 

124 

6.45 

59.6 

88.4 

28.8 

125 

6.45 

34.0 

62.0 

28.0 

126 

6.45 

40.8 

67.4 

26.6 

127 

6.45 

38.0 

62.0 

24.0 

128 

6.45 

56.4 

65.2 

8.8 

129 

6.4 

44.4 

75.6 

31.2 

130 

6.4 

26.8 

52.4 

25.6 

131 

6.4 

29.2 

54.0 

24.8 

132 

6.4 

57.2 

66.8 

9.6 

133 

6.35 

78.6 

108.0 

.           29.4 

134 

6.3 

57.2 

72.4 

15.2 

135 

6.3 

28.4 

42.0 

13.6 

136 

6.3 

68.4 

79.6 

11.2 

137 

6.3 

55.6 

66.0 

10.4 

138 

6.25 

95.5 

102.9 

7.4 

139 

6.1 

25.2 

34.0 

8.8 

140 

5.9 

35.6 

76.2 

40.6 

141 

5.8 

25.8 

44.8 

19.0 
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Methods. 

In  determining  solvent  power  the  urines  were  first  warmed  to  37°C, 
and  after  adding  an  excess  of  pure  uric  acid  the  flasks  were  kept  in  a  bath 
at  37°C.  for  exactly  20  minutes,  the  urines  being  shaken  frequently  so  that 
undissolved  uric  acid  was  constantly  in  suspension.  They  were  filtered 
immediately  after  removal  from  the  bath,  and  the  uric  acid  estimation 
was  made  on  the  filtrates.  A  longer  period  of  warming  was  not  found  to 
give  superior  results.  Body  temperature  was  chosen  so  as  to  be  comparable 
to  the  physiological  condition  of  urine  lying  in  the  bladder. 

The  uric  acid  estimations  were  made  by  the  usual  method;  i.e.,  by  pre- 
cipitation by  means  of  ammonium  hydroxide  in  the  presence  of  a  con- 
siderable concentration  of  ammonium  sulfate,  filtration,  and  subsequent 
solution  of  the  precipitate  in  hot  dilute  sulfuric  acid  and  its  estimation 
by  titration  with  potassium  permanganate. 

The  hydrogen  ion  concentration  or  acidity  of  the  urines  was  determined 
by  the  method  of  Henderson  and  Palmer.4 

The  figures  in  the  tables  for  acidity  of  the  urines  are  the  "hydrogen 
exponents'1  (PH);  these  are  (negative)  logarithmic  figures  correspond- 
ing to  the  true  hydrogen  ion  concentrations.  The  smaller  the  figure  the 
greater  the  acidity.  Neutrality  is  7.0.  The  reaction  of  normal  urines 
which  we  have  examined  ranges  from  a  distinctly  acid  urine,  5.0,  to  a 
slightly  alkaline  urine,  7.4. 

Hindhede's  method  of  determining  solvent  power  of  urines  was  found 
to  be  quite  unsatisfactory.  Our  work  was  carried  out  independently, 
being  uninfluenced  by  the  investigations  of  others.  It  is  necessary  to 
say  a  word  in  regard  to  Blatherwick's  method.  It  is  quite  possible  that 
by  his  method  of  shaking  with  uric  acid  for  2  hours  at  room  temperature 
somewhat  different  results  would  be  obtained  than  by  our  method  of  shak- 
ing for  20  minutes  at  body  temperature.  We  would,  therefore,  warn  against 
comparing  the  results  by  the  two  methods. 

Tables  I  and  II  give  the  results  of  the  experimental  work.  The  figures 
for  uric  acid  are  given  as  mg.  in  100  cc.  of  urine.  "Uric  acid  content" 
means  the  amount  present  in  the  urine  as  passed.  "Total  uric  acid" 
means  the  amount  present  in  the  filtrate  after  shaking  with  uric  acid.  The 
difference  between  these  two  is  the  "uric  acid  dissolved.' '  This  last  is 
the  index  of  the  solvent  power  of  the  urine. 

From  a  study  of  the  tables  it  will  be  seen  that  many  acid  urines 
(5.8  to  6.9  acidity)  have  the  power  to  take  up  additional  uric 
acid,  the  amount  being  greater  than  distilled  water  will  dissolve; 
namely,  8.4  mg.  per  100  cc.  The  uric  acid  content  of  many  of 
these  urines  (see  Table  II)  is  as  great  as  occurs  during  an  ordi- 
nary high  excretion  of  uric  acid  (50  t6  70  mg.).     Many  urines 

*  Henderson,  L.  J.,  and  Palmer,  W.  W.,  /.  Biol.  Chem.,  1912-13,  xiii,  393. 


Howard  D.  Haskins  211 

of  an  acidity  between  5.8  and  6.3,  which  were  tested,  dissolved 
no  extra  uric  acid  and  therefore  were  not  included  in  the  tables. 
It  was  most  surprising  to  find  solvent  power  in  any  urines  of  that 
range  of  acidity.  The  result  with  the  urine  of  5.9  acidity  (No. 
140)  was  quite  remarkable.  In  the  case  of  urines  of  acidity  6.4 
to  7.4  almost  every  one  that  we  have  tested  showed  uric  acid 
solvent  power. 

It  will  be  observed  that  in  a  general  way  the  amount  of  uric 
acid  dissolved  increases  as  the  acidity  of  the  urine  decreases  (i.e., 
as  the  acidity  figure  becomes  greater).  Disregarding  a  few 
of  the  exceptionally  high  estimations  and  a  number  of  the  ex- 
ceptionally low  ones,  the  extremes  of  the  amounts  of  uric  acid 
dissolved  for  various  ranges  of  acidity  are  about  as  follows: 


Acidity. 

Uric  acid  dissolved. 

5.8    to  6.35 

5  to    40  mg.  (both  dilute  and  less  dilute  urines). 

6.4     "  6.55 

or     <<       fin     it            <<                it               it            it            u                  it 

6.6    "  6.7 

40    "     100     "            "               "               "            "            "                  " 

6.75  "  6.8 

50  "  115   "    (dilute) ;  up  to  155 mg.  (less  dilute). 

6.85  "  6.9 

105  "  140   "         "         "  "   160  "        "        " 

6.95  "  7.0 

105  "  120   "          "          "  "   225   "        "        " 

7.1     "  7.3 

145  "  155   "          "       105  to  190   " 

It  does  not  seem  to  us  advisable  to  calculate  averages  for  the 
amount  dissolved  by  urines  of  the  same  acidity,  as  it  would  be 
misleading  because  of  the  wide  variations  in  the  amounts.  For 
example,  for  acidity  6.8  (Table  II)  the  figures  run  from  35  to 
154  mg. 

A  number  of  the  urines  show  exceptionally  high  solvent  power 
as  compared  with  others  of  the  same  acidity,  notably  29  and  58 
in  Table  I,  also  91,  106,  113,  and  140  in  Table  II. 

In  order  to  determine  whether  the  inorganic  constituents  of 
the  urine  could  of  themselves  account  for  the  solvent  power  of 
any  particular  urine,  700  cc.  of  urine  were  evaporated  and  ashed, 
then  the  ash  was  redissolved  in  700  cc.  of  distilled  water.  On 
shaking  with  uric  acid  the  ash  solution  dissolved  39  mg.  per  100 
cc.  while  the  original  urine  took  up  40  mg.  In  the  case  of  this 
urine  at  least  it  was  probable  that  the  uric  acid  was  dissolved 
because  of  a  reaction  with  disodium  phosphate  producing  mono- 
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sodium  phosphate  and  monosodium  urate.  This  reaction  occurs 
readily  with  mixtures  containing  only  the  two  phosphates,  these 
mixtures  resembling  urines  in  so  far  as  concerns  acidity  and  phos- 
phate content.  Urines  of  different  acidities  contain  different 
proportions  of  NajHPOi  and  NaHjPO*;  e.g.,  a  urine  of  acidity  6.8 
contains  equimolecular  quantities  of  the  two,  but  one  of  acidity 
7.4  contains  about  four  times  as  much  NaJEIPC^  as  NaHtPO*. 
Solutions  having  different  concentrations  of  the  phosphates 
but  having  the  same  acidity  show  a  power  to  dissolve  uric  acid 
in  a  ratio  entirely  different  from  that  of  the  dilution.  This  has 
a  bearing  on  the  fact  which  is  made  apparent  by  a  comparison 
of  the  results  reported  in  Tables  1  and  II ;  namely,  that  the  dilute 
urines  have  a  solvent  power  out  of  proportion  to  their  concentra- 
tion. The  results  of  the  experiment  with  phosphate  mixtures 
are  given  in  Table  III. 

TABLE  III. 
Solvent  Action  of  Phosphate  Mixtures. 


No. 

Acidity, 
Ph. 

Uric  acid  dissolved, 
mg.  per  100  eo. 

Oram  molecular 
concentration. 

1     . 

6.8 

138.2 

1/15 

2 

6.8 

120.0 

1/30 

3 

6.8 

75.5 

1/60 

4 

6.9 

90.0 

1/50 

5 

6.9 

58.8 

1/100 

6 

6.8 

78.8 

1/50 

7 

6.8 

50.0 

1/100 

8 

6.65 

54.4 

1/50 

9 

6.65 

39.6 

1/100 

It  will  be  seen  that  the  solvent  power  is  not  nearly  proportional 
to  the  concentration,  for  instance,  Solution  3  is  only  one-fourth 
as  concentrated  as  Solution  1  but  dissolves  more  than  half  as  much 
uric  acid  as  1.  Compare  also  5  with  4,  7  with  6,  and  9  with  8. 
Similar  results  were  obtained  with  urines  after  dilution*  with  one 
and  with  three  volumes  of  water  (Table  IV). 
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TABLE  IV. 
Solvent  Action  of  Diluted  Urines. 


• 

Dilution. 

Acidity, 
Ph. 

Uric  acid 
content. 

Total  urio 
acid. 

Uric  add 
dissolved. 

6.8 

6.8 

6.75 

6.4 

6.35 

6.3 

Mg.  per  100  eo. 

Urine  A 

70.0 
35.0 
17.5 
10.8 
5.4 
2.7 

162.8 
112.4 
80.4 
86.0 
53.2 
30.4 

92.8 

50  per  cent  of  A 

25  "      "       "".... 
Urine  B 

77.4 
62.9 
75.2 

50  per  cent  of  B 

25"      "       "".... 

47.8 
27.7 

The  solvent  power  of  certain  very  dilute  urines  was  one  of 
the  most  surprising  results  of  our  investigation.    One  sample 
of  urine  passed  as  a  consequence  of  excessive  drinking  of  water, 
having  a  specific  gravity  of  1.0005  (6.6  acidity),  dissolved  54.4 
mg.  of  uric  acid  per  100  cc.     In  the  case  of  two  other  persons 
who  drank  large  quantities  of  water  the  urine  was  of  similar 
character.     One  passed  4,800  cc.  in  24  hours  (acidity  6.75),  and 
100  cc.  of  this  dissolved  56  mg.;  while  the  other  passed  2,800 
cc.  (acidity  6.8),  100  cc.  dissolving  114  mg.     It  is  possible  that 
one  of  the  important  factors  involved  in  dilution  is  decrease  in 
concentration  of  sodium  ions.     By  what  is  called  the  "common 
ion  effect"  the  solubilitv  of  a  salt  is  lessened  whenever  another 
salt  is  present,  one  of  whose  ions  is  identical  with  an  ion  of  the 
salt  in  question.     The  presence  of  sodium  ions  (e.g.,  from  NaCl) 
in  the  urine  must  therefore  depress  the  solubility  of  monosodium 
urate,  and  the  more  dilute  the  urine  the  less  the  depression  of 
solubility  because  of  the  smaller  number  of  ions  present.     In 
the  case  of  simple  aqueous  solutions  the  sodium  ion  effect  is 
readily   demonstrated.     Monosodium   urate   dissolves  in  water 
so  that  a  solution  is  easily  obtained  which  contains  an  amount 
of  urate  equivalent  to  170  mg.  of  uric  acid  in  100  cc.     On  the 
other  hand  solutions  of  four  different  sodium  salts  (each  con- 
taining the  same  amount  of  sodium  as  a  0.3  per  cent  NaCl  solu- 
tion) dissolved  only  a  trace  of  sodium  urate.     In  solutions  of 
potassium  salts  the  urate  dissolved  quite  readily. 

For  some  reason  this  ion  effect  does  not  seem  to  be  so  marked 
in-  the  case  of  urine  and  phosphate  mixtures.     The  addition  of 
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1  per  cent  NaCl  to  a  phosphate  mixture  (acidity  6.8)  diminished 
the  uric  acid  dissolved  from  120  mg.  to  105.  Also  in  the  case 
of  a  urine  which  showed  great  solvent  power  (206  mg.  per  100 
cc.)  the  addition  of  NaCl  had  little  effect  (200  mg.  dissolved). 
These  findings  seem  to  minimize  somewhat  the  importance  of 
the  ion  effect. 

By  referring  to  Tables  I  and  II  it  will  be  seen  that  a  consider- 
able number  of  urines  (twenty-four)  show  figures  for  "total 
uric  acid"  greater  than  the  uric  acid  content  of  a  saturated  solu- 
tion of  sodium  urate  (170  mg.).  Figures  for  total  uric  acid  of 
252,  276,  282,  291,  and  343  can  hardly  be  explained  on  the  basis 
of  solution  occurring  as  the  result  of  a  reaction  producing  mono- 
sodium  urate.  There  must  be  some  other  factor  responsible 
for  the  apparent  supersaturation.  Urines  passed  after  taking 
sodium  bicarbonate  or  citrate  behave  in  a  similar  manner 
(Table  V). 

TABLE  V. 
Solvent  Action  of  Urine  after  Sodium  Citrate  and  Bicarbonate. 


Acidity, 
Ph. 

Salt  taken. 

Uric  acid 
content. 

Total  uric 
acid. 

Uric  acid 
dissolved. 

Bicarbonate. 

Mg.  per  100  cc. 

7.6 

13.8 

296.9 

283.1 

7.3 

a 

96.6 

446.6 

350.0 

7.3 

u 

105.0 

360.8 

255.8 

7.3 

Citrate. 

70.5 

283.9 

213.4 

7.3 

H 

129.2 

313.9 

184.6 

7.25 

li 

56.0 

227.2 

171.2 

7.25 

it 

72.0 

222.3 

150.3 

7.2 

Bicarbonate. 

55.5 

279.0 

223.5 

7.2 

Citrate. 

52.0 

218.9 

166.9 

7.15 

a 

27.0 

210.4 

183.4 

7.1 

tt 

30.6 

197.9 

167.3 

The  most  probable  explanation  of  this  apparent  supersatura- 
tion is  that  at  least  part  of  the  uric  acid  is  in  colloidal  solution. 
Schade  and  Boden5  have  shown  that  dilute  alkalies  can  cause 
colloidal  solution  of  uric  acid  at  body  temperature.  By  care- 
ful manipulation  they  put  500  mg.  of  uric  acid  into  solution  in 

*  Schade,  H.,  and  Boden, 'E.,  Z.  physiol.  Chem.,  1913,  lxxxiii,  347. 
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40  cc.  of  dilute  sodium  hydroxide.  They  believe  that  the  col- 
loids of  the  blood  stabilize  colloidal  uric  acid,  and  also  that  col- 
loids in  the  urine  can  exert  the  same  action  so  that  uric  acid 
can  exist  in  it  in  colloidal  form.  It  is  not  necessarily  true  that 
all  of  the  uric  acid  taken  up  by  any  of  our  urines  was  put  into 
colloidal  solution,  part  of  that  dissolved  may  have  become  mono- 
sodium  urate.  We  noticed  that  the  precipitate  from  some  urines 
after  adding  ammonium  hydroxide  was  gelatinous,  quite  unlike 
the  usual  ammonium  urate  precipitate;  these  may  have  held 
uric  acid  in  colloidal  solution.  No  record  was  made  of  the  par- 
ticular urines  that  behaved  in  this  manner. 

Bechhold*  has  confirmed  the  existence  of  colloidal  solutions 
of  uric  acid  by  the  use  of  the  ultra  filter,  the  solution  remaining 
on  the  filter  becoming  very  much  more  concentrated  in  uric 
acid  because  the  filter  holds  back  the  colloidal  particles. 

SUMMARY. 

1.  When  shaken  with  uric  acid  for  20  minutes  at  37°C.  many 
urines  that  are  slightly  acid  and  all  that  are  neutral  or  alkaline 
take  up  extra  uric  acid. 

2.  The  less  acid  the  urine  the  more  uric  acid,  as  a  rule,  it  will 
dissolve. 

3.  Dilute  urines  when  considered  in  proportion  to  their  con- 
centration show  much  greater  solvent  power  than  less  dilute 
urines. 

4.  Some  urines  dissolve  so  much  uric  acid  that  they  come  to 
contain  more  uric  acid  than  is  present  in  a  saturated  solution  of 
monosodium  urate.  In  all  probability  in  these  cases  at  least  part 
of  the  uric  acid  is  in  colloidal  solution. 

6  Bechhold,  H.,  Z.  Electrochem.,  1914,  xx,  321. 


CELL  PENETRATION  BY  ACIDS. 

II.    FURTHER  OBSERVATIONS  ON  THE  BLUE  PIGMENT  OF 

CHROMODORIS  ZEBRA. 

By  W.  J.  CROZIER. 
Contributions  from  the  Bermuda  Biological  Station  for  Research,  No.  48. 

(Received  for  publication,  June  26,  1916.) 

I.  The  blue  substance  occurring  in  the  tissues  of  the  large  nudi- 
branch  Chromodoris  zebra  Heilprin  has  been  employed  as  ^n  intra- 
cellular indicator  for  acids,  which  on  penetrating  the  tissues  cause 
the  material  to  become  pink  (Crozier,  1916).  This  paper  records 
some  further  observations  with  reference  to  the  action  of  the  pig- 
ment as  an  indicator  and  to  its  participation  in  the  natural  color 
variations  of  Chromodoris. 

It  was  at  first  considered  not  impossible  that  more  than  one  substance 
might  be  concerned  in  the  color  change  produced  by  acids.    Smallwood 
<1910,  p.  139)  states  that  the  five  or  six  white  conical  elevations  on  the  pos- 
terior border  of  the  mantle  of  Chromodoris  turn  pink  when  treated  with 
xiitric  acid;  this  statement,  however,  certainly  involves  an  error,  because 
"tihe  action  of  acids  does  not  in  any  way  affect  the  color  of  the  creamy  white 
contents  of  these  glandular  organs.    Smallwood  (unaware  of  the  nature  of 
"fche  blue  substance)  was  probably  misled  by  the  diffusion  of  pigment  from 
Neighboring  portions  of  the  integument,  or  by  the  pink  hue  assumed  in 
figment-bearing  cells  external  to  the  body  of  these  white  glands. 

It  can  be  stated  quite  definitely  that  the  blue  substance  is  the 
only  indicator  involved,  but  its  reactions  are  sufficiently  compli- 
cated to  require  some  attention.  It  would  be  of  interest,  in  this 
connection,  to  examine  the  apparently  similar  blue  pigments  of 
other  species  of  Chromodoris.  According  to  Eliot's  description 
(1913,  p.  29,  pi.  II,  fig.  9)  the  Japanese  Chromodoris  marenzelleri 
Bergh  is  colored  in  such  a  way  as  to  suggest  a  skin  pigment  allied 
Xo  that  of  C.  zebra,  as  is  also  the  case  with  some  Pacific  coast  spe- 
cies (Cockerell,  1901). 

II.  The  blue  pigment  also  occurs  dissolved  in  the  blood  of  Chro- 
modoris.   The  blood  pigment  in  its  reactions  to  alkalies  and  acids 
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is  identical  with  that  obtained  from  the  cells  of  the  foot  and  gen- 
eral integument.  The  absorption  spectra  are  likewise  the  same, 
a  single  band  being  present,  which  in  neutral  solutions  centers  at 
about  621  mm  (Crozier,  1914).  Blood  obtained  by  means  of  a 
syringe  in  such  a  way  as  to  be  kept  from  contact  with  air  is  of  a 
deep  blue,  almost  violet,  color  by  reflected  light,  reddish  purple 
by  transmitted  light.  The  reaction  of  blood  obtained  from  the 
auricle  was  estimated  from  a  number  of  analyses  to  be  about 
pH  =  7.4  (20°C),  the  procedure  of  Rowntree,  Marriott,  and  Levy 
(1915)  being  used  for  this  purpose. 

Qualitative  tests  indicate  the  presence  of  manganese  in  the  blood 
and  in  partially  purified  pigment  extracts,  but  I  am  unable  to  say 
whether  or  not  manganese  forms  a  constituent  of  the  pigment 
substance. 

III.  Undiluted  blood  and  aqueous  solutions  of  the  pigment  ob- 
tained from  the  integument  were  allowed  to  stand  (a)  in  open 
vessels  and  (b)  in  tightly  stoppered  bottles;  some  of  the  latter 
contained  air  while  others  were  completely  filled  with  fluid.  At 
27°C.  the  pigment  not  in  contact  with  air  was  rapidly  decolor- 
ized; it  was  determined  that  the  presence  of  pieces  of  tissue  ac- 
celerated the  decolorization.  The  reduction  was  slower  at  20° 
than  at  27°.  In  bottles  holding  air  above  the  pigment  solution 
the  upper  layer  remained  blue  for  some  time,  but  ultimately  was 
completely  decolorized;  in  this  case  the  blue  color  could  be  regen- 
erated several  times  by  shaking.  The  admission  of  fresh  air 
caused  these  solutions  again  to  become  blue,  provided  they  had  not 
stood  too  long.  The  pigment  solutions  contained  in  open  vessels 
were  also  decolorized  after  the  formation  of  a  bacterial  film. 

The  addition  of  neutral  H202  immediately  produced  a  perma- 
nent intense  blue  coloration,  or  a  violet  tint  showing  blue  fluor- 
escence. This  color  was  much  more  intense  than  could  be  pro- 
duced by  long  shaking  with  air. 

During  the  progress  of  decolorization  there  was  never  any  indi- 
cation of  a  pink  stage.  The  color  change  with  acids  is  therefore 
not  a  reduction. 

Extracts  of  the  pigment  made  with  boiling  water  and  subse- 
quently preserved  in  closed  vessels  were  not  reduced,  nor  was 
there  any  evidence  of  reduction  when  the  extraction  was  made 
with  boiling  water  in  a  flask  stoppered  with  cotton  wool.     Ex- 
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tracts  prepared  in  the  cold  were  not  reduced  in  the  presence  of 
formaldehyde,  CHCU,  xylol,  acetone,  or  pyridine.  Numerous  ex- 
periments were  made  by  adding  to  solutions  of  the  blue  pigment, 
sterilized  with  CHC1*,  portions  of  the  body  of  Chromodoris  either 
whole  or  ground  with  sand.  No  reduction  was  obtained  in  this 
way  even  when  the  tests  were  carried  out  in  tightly  clpsed  bottles 
containing  no  free  air.  Negative  results  were  likewise  obtained 
with  the  liver  of  fishes,  which  yields,  according  to  Harris  and 
Creighton  (1915),  a  non-specific  reductase  rapidly  affecting  hemo- 
globin. 

The  reduction  of  this  Chromodoris  pigment  seems,  therefore,  to 
be  strictly  comparable  to  that  (oxyhemocyanin)  found  by  Alsberg 
(1915)  in  the  case  of  Limulus.  The  reduction  is  not  due  to 
enzymes,  but  to  the  action  of  putrefactive  microorganisms.  If  to 
an  aqueous  extract  of  the  pigment  that  has  been  sterilized  by  boil- 
ing there  be  added  a  similar  solution  that  has  become  reduced,  the 
inoculated  flask  is  likewise  slowly  decolorized.  When  allowed  to 
stand  too  long,  the  blue  color  cannot  be  restored  even  with  H2O2, 
indicating  that  the  blue  substance  has  been  destroyed. 

Reduction  of  the  blue  material  by  direct  chemical  means  is  not 
easily  effected.  It  is  not  decolorized  by  boiling,  either  alone  or 
with  acid,  and  it  is  only  slowly  reduced  with  zinc  dust  and  acid. 
In  the  neutral  or  slightly  alkaline  condition  the  blue  pigment  is 
partially  reduced  to  a  greenish  tint  by  Stoke's  reagent,  but  it  is 
xiot  completely  decolorized.  Acid  solutions  are  not  reduced  by 
Stoke's  reagent.  These  tests  with  freshly  prepared  Stoke's  rea- 
gent were  checked  spectroscopically. 

Whether  or  not  the  blue  pigment  is  concerned  in  respiration  cannot  as 
^et  be  decided,  but  its  behavior  certainly  suggests  that  it  may  serve  as  an 
oxygen  carrier.  There  is  reason  to  believe  that  the  metabolism  of  sluggish 
*narine  invertebrates,  such  as  Chromodoris,  is  not  of  a  rapid  type  (Vernon, 
i895)  and  the  difficulty  with  which  the  pigment  seems  to  be  reduced  may 
^thus  be  no  real  objection  to  its  fulfilling  a  respiratory  function.  Some  ex- 
periments made  to  test  this  question  have  not  given  definite  results. 

The  method  used  in  my  previous  work  of  handling  the  pieces  of 
tissue  has  one  advantage  not  mentioned  in  my  first  paper.  In 
pressing  the  tissue  gently  between  filter  paper  before  submit- 
ting it  to  the  action  of  acid,  any  blood  pigment  held  in  lacunar 
peripheral  blood  spaces  is  likely  to  be  removed.    Fortunately,  it  is 
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possible  to  make  a  decisive  test  showing  the  absence  of  errors 
from  this  source.  Some  Chromodoris  individuals  show  a  pure  white 
at  the  edge  of  the  mantle,  although  their  blood  is  blue,  as  is  also 
the  surface  of  the  foot  and  other  portions  of  the  skin.  Pieces 
of  this  white  skin  tissue  do  not  turn  pink  with  acid,  even  when 
first  treated  with  H2Oj  to  oxidize  any  blood  pigment  present. 

IV.  Several  of  the  factors  involved  in  determining  variations 
in  the  blue  coloration  of  this  animal  may  be  distinguished:  the 
presence  or  absence  of  the  pigment  in  the  integument,  the  details 
of  its  local  distribution,  the  extent  to  which  it  is  oxidized,  the  pro- 
portipn  of  the  pigment  which  is  firmly  bound  by  the  cell  proto- 
plasm as  compared  with  that  present  in  solution,  and  the  reaction 
of  the  fluid  locally  associated  with  the  dissolved  form  of  the  pig- 
ment. The  last  two  factors  enumerated  are  the  most  important 
from  the  standpoint  of  the  use  of  the  blue  pigment  as  an  intracel- 
lular indicator.  It  should  also  be  stated  that  the  oxidized  condi- 
tion of  the  pigment  is  the  only  one  which  is  turned  pink  by  acids; 
if  acid  is  added  to  a  reduced  solution,  the  solution  remains  color- 
less, becoming  pink  only  when  shaken  with  air  or  treated  with 
H2O2. 

These  complicating  factors  are  important  in  determining  vari- 
ations found  in  the  acid  penetration  of  mantle  tissue  from  vari- 
ously pigmented  individuals;  they  are  probably  as  much  con- 
cerned at  least  as  is  the  variable  judgment  of  the  observer,  which 
I  at  first  believed  mainly  responsible.  As  just  stated,  the  cells 
of  the  blue  integument  appear  to  contain  the  pigment  in  two  con- 
ditions: (a)  a  relatively  free  (dissolved)  state,  and  (b)  bound  by 
the  cell  protoplasm  in  a  firm  combination  which,  as  previously 
noted  in  the  case  of  the  dorsal  skin,  is  affected  only  by  strong  acids. 
When  pieces  of  the  mantle  are  immersed  in  weak  acid  solutions 
the  pink  hue  may  disappear  after  a  time,  leaving  the  tissue  blue; 
this  is  due  to  the  fact  that  only  the  dissolved  (acid-sensitive) 
portion  of  the  pigment  is  diffusible.  In  working  at  low  tempera- 
tures (15°)  a  serious  source  of  confusion  may  arise  here,  since  the 
outward  diffusion  of  pigment  is  frequently  more  rapid  than  the 
'inward  progress  of  the  acid.  This  difficulty  is,  however,  prac- 
tically absent  in  freshly  collected  animals.  With  the  object  of  fol- 
lowing the  changes  in  pigmentation  I  have  studied  animals  main- 
tained in  the  laboratory  for  3  to  4  months  without  food,  and  I 
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am  convinced  that  in  these  individuals  the  conditions  as  regards 
the  blue  pigment  are  materially  altered  from  those  normally  ob- 
taining. There  is  an  increase  in  the  relative  amount  of  pigment 
not  lost  by  diffusion  into  distilled  water  or  acid,  and  the  diffusible 
portion  of  the  pigment  is  more  quickly  lost  to  a  surrounding  solu- 
tion. The  penetration  time  of  all  acids  tested  is  much  less  than 
in  freshly  collected  animals. 

In  discussing  the  results  obtained  by  observing  the  comparative 
penetration  speed  of  acids  (Crozier,  1916),  two  circumstances 
were  not  dealt  with  which  may  be  mentioned  here.  One  is  the 
possibility  that  the  tissue  does  not  remain  inert  when  exposed  to 
the  action  of  acid;  but  is  (in  a  sense)  stimulated  to  oppose  the 
entrance  of  the  foreign  material;  the  nature  of  this  possible  effect 
may  be  such  as  to  involve  the  partial  coagulation  of  the  cell  sub- 
stance and  an  alteration  in  the  relations  of  the  internal  pigment. 
Closely  allied  to  this  is  the  second  possibility;  namely,  that  co- 
agulation may  be  induced  by  a  variable  fraction  of  the  acid,  while 
the  remainder  can  affect  the  indicator  less  readily  when  the  lat- 
ter is  bound  (?)  by  coagulated  protein.  This  source  of  objection 
is  removed,  I  believe,  by  the  following  experiment: 

When  pieces  of  tissue  which  have  been  turned  pink  by  acid  are 
"transferred  to  sea  water,  the  acid  diffuses  away  and  sea  water 
enters.  This  occurs  within  a  few  minutes,  usually,  depending  on 
"the  acid  and  its  concentration.  The  pink  hue  is  then  lost,  the 
^tissue  becoming  greenish  blue  because  of  the  sea  water  alkalinity. 
Jf  these  pieces  of  tissue  be  then  placed  again  in  acid,  they  become 
j)ink  almost  instantly.  This  is  true  even  with  weak  acids,  as 
^).05  n  acetic. 

V.  The  purple  state  of  the  indicator  is  the  one  most  sensitive 
'to  the  addition  of  acids,  or  rather,  the  solutions  containing  it  are 
intermediate  in  actual  acidity  between  those  producing  the  blue 
-»nd  those  producing  the  pink  states.  The  small  pigment  globules 
"within  the  cell  may  in  some  cases  be  of  higher  acidity  than  ob- 
tains in  other  cases,  or  in  the  rest  of  the  cell  contents;  as  Osterhout 
(1913)  clearly  pointed  out,  there  are  many  semipermeable  sur- 
faces, probably  of  different  qualities,  comprised  in  the  structure 
of  a  single  cell.  This  means  that,  even  if  the  protoplasm  of  blue 
and  purple  mantle  tissues  were  penetrated  by  acids  with  equal 
ease,  still  in  measuring  penetration  with  this  indicator  the  lowest 
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figures  should  be  obtained  with  the  purple  tissue.  This  is  actu- 
ally the  case,  as  was  noted  previously  (Crozier,  1916,  p.  261),  and 
has  since  been  confirmed  by  the  use  of  a  number  of  acids  not  em- 
ployed in  the  paper  referred  to. 

SUMMARY. 

VI.  1.  The  blue  integumentary  pigment  of  Chromodoris  zebra 
Heilprin  is  found  also  in  the  blood  of  this  nudibranch.  It  seems 
resistant  toward  reducing  agents,  but  is  reduced  to  a  colorless 
condition  by  the  action  of  putrefactive  microorganisms.  In  this 
respect  the  Chromodoris  pigment  resembles  oxyhemocyanin.  The 
blue  color  is  regenerated  on  shaking  with  air  or  adding  H2Oj. 
Only  in  the  oxidized  condition  is  it  turned  pink  by  acids.  This 
behavior  bears  a  certain  resemblance  to  that  of  the  triphenyl- 
mdthane  dyes. 

2.  Several  of  the  factors  involved  in  fixing  the  coloration  of 
Chromodoris  are  considered  in  relation  to  the  use  of  the  intracel- 
lular indicator. 

3.  Protracted  laboratory  confinement  of  Chromodoris  leads  to 
apparent  changes  in  the  proportion  of  bound  to  dissolved  (acid- 
sensitive)  pigment  in  the  skin,  and  also  to  alterations  in  the  re- 
sistance of  the  tissue  toward  acids  and  other  agents. 

4.  These  observations  afford  an  interpretation  of  variations 
found  in  measuring  acid  penetration  in  the  case  of  variously  pig- 
mented Chromodoris  tissues,  and  of  the  fact  that  freshly  collected 
animals,  uniformly  colored,  must  be  used  to  secure  consistently 
comparable  results. 
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CELL  PENETRATION  BY  ACIDS. 

m.    DATA  ON  SOME  ADDITIONAL  ACIDS. 

By  W.  J.  CROZIER. 
Contributions  from  the  Bermuda  Biological  Station  for  Research,  No. .  49. 

(Received  for  publication,   June  26,    1916.) 

I.  Several  additional  acids  have  been  used  in  continuing  a 
study  of  the  penetration  of  living  cells  by  acids,  the  object  being 
to  discover  to  what  extent  the  visible  penetration  of  diverse  acids 
may  be  used  to  analyze  the  cell  surface  and  the  effect  of  various 
conditions  upon  it.1  A  description  of  the  method  according  to 
which  the  indicator-containing  tissue  of  the  nudibranch  Chromo- 
doris  zebra.is  utilized  for  this  purpose  has  been  given  in  a  previous 
paper  (Crozier,  1916).  The  present  experiments  having  been 
made  some  months  subsequent  to  those  previously  recorded, 
dilution  curves  were  redetermined  for  acids  (valeric,  succinic) 
with  which  it  was  desired  to  compare  the  ones  added  to  the  list 
of  eighteen  first  studied.    In  Table  I  the  first  and  second  series 

TABLE  I. 

Penetration  Time:  A  =■  First  Series  of  Tests   (Late  Summer ,  1916);  B  =■ 
Second   Series    (Spring,    1916).    i7°C.     (See    Text.) 


Dilution, 
normal. 

Valeric. 

Succinic. 

A. 

B. 

A. 

B. 

liter* 

min. 

min. 

min. 

min. 

50 

1.2 

1.5 

9.2 

11.2 

75 

1.5 

1.7 

17.4 

100 

1.9 

2.2 

16.5 

22.5 

150 

6.0 

6.5 

38 

200 

12.0 

15.0 

45 

60 

300 

26.0 

27.0 

400 

55.0 

62.0 

1 1  am  indebted  to  Professor  E.  L.  Mark  for  assistance  in  obtaining  mate- 
rial for  this  work. 
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of  measurements  for  succinic  and  isovaleric  acids  are  compared; 
the  figures  represent  in  each  instance  the  mean  of  ten  or  more 
concordant  experiments.  The  differences  to  be  observed  are  in 
the  main  due,  I  believe,  to  seasonal  fluctuations  in  the  condition 
of  the  tissue  experimented  upon.2  The  nature  of  this  seasonal 
fluctuation  may,  however,  be  fairly  simple;  it  is  not  improbable 
that  the  lower  temperature  of  these  animals  during  the  winter 
months  is  responsible  for  the  differences  found.  All  the  meas- 
urements recorded  were  carried  out  at  27°C,  which  corresponds 
pretty  closely  to  the  temperature  of  Chromodoris  in  summer  time, 
while  in  winter  their  natural  temperature  is  at  times  as  low  as 
15°.  The  animals  employed  for  this  work  were  living  at  19-20°, 
and  it  is  not  to  be  expected  that  a  brief  elevation  to  27°  would 
have  the  same  effect  upon  them  as  would  a  long  residence  at  that 
temperature.  Variations  in  the  alkalinity  of  the  sea  water  may 
also  be  significant. 

The  acids  used  were  n-caproic,  maleic,  and  fumaric.  The  solu- 
tions were  made  up  in  distilled  water,  and  (as  in  the  previous 
measurements)  in  some  instances  also  in  rain  water;  in  both 
cases  the  results  were  the  same.  This  apparent  disregard  of 
familiar  osmotic  and  other  effects  has  been  quite  deliberate,  since 
it  is  proposed  to  use  these  data  as  a  starting  point  from  which 
to  begin  a  study  of  the  actions  of  individual  salts.*  Distilled 
water  (or  rain  water)  in  the  absence  of  acid  produces,  of  course, 
an  almost  (but  not  quite)  immediate  increase  in  permeability, 
which  may  be  easily  detected  by  subsequently  placing  the  tissue 
in  acid  (see  Table  II);  but  acids,  even  in  very  dilute  solution, 
lead  (Osterhout,  1914)  to  a  decrease  of  permeability,  even  toward 
themselves,  which  removes  much  of  the  objection  to  this  pro- 
cedure. 

*  It  is  perhaps  necessary  to  state  that  the  observed  variations  are  not 
traceable  to  differences  in  the  acid  preparations.  The  temperature  co- 
efficients of  acid  diffusion  will  be  considered  in  a  subsequent  paper. 

*  In  this  connection  see  Loeb  and  Cattell  (1915)  and  Loeb  (1915). 
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TABLE  II. 
The  effect  of  preliminary  treatment  with  distilled  water  upon  the  pene- 
tration time  of  acids.  Typical  data  from  one  set  of  tests.  Temperature 
=  24°C.  The  "control"  gives  the  penetration  time  observed  with  similar 
tissue  immersed  directly  in  acid.  There  are  added  for  comparison  measure- 
ments with  corresponding  pieces  of  tissue  killed  by  1.0  per  cent  formal- 
dehyde. 
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fable  III  contains  a  summary  of  the  data  on  caproic,  fumaric, 
ar*  «J  maleic  acida,  which  are  shown  graphically  in  Fig.  1. 

TABLE  III. 

_  J-*'ht  Penetration  Time,  Min.,  of  Caproic,  Maleic,  and  Fumaric  Acida. 


A.*. 

Penetration  time.  27  °C. 

dilution 

10.5 

17.5 

20 

25 

50 

toj 

150 

200 

300 

400 

500 

C=»»"»Toic 

2  3 

4.7 

28.0 

17  0 

_'.-, 

61 

3.6 

4.4 

S.l 

19.4 

55 

4J 

5.4 

136 

27.6 

40.0 

228 


Cell  Penetration  by  Acids.     Ill 


so 


70        _ 


6)        — 


ao 

3    60 

c 


Qi 


-3    40 

a 
o 


u 

c    30 

0* 


20 


10 


0  - 


Fuma/ic 


Sucdo/c\ 


200  810 

Dilution,  liters. 
Fig.  1.  Penetration  of  Chromodoris  tissue. 
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II.  The  lipoid  solubility  of  the  monobasic  fatty  acids,  aside 
from  formic,  follows  the  order  shown  in  Table  IV  (quoted  from 
Harvey,  1914,  p.  468).  This  is  precisely  the  order  in  which 
these  acids,  with  the  exception  of  caproic,  had  previously  been 
found  to  affect  the  intracellular  indicator  of  the  Chromodoris 
tissues  (Crozier,  1916).  Caproic  is  now  added  to  the  list,  and 
it  will  be  noted  that  this  acid  also  fits  into  the  series  (see  Fig.  1). 
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TABLE  IV. 

Relative  Lipoid  Solubilities,  Quoted  from  Harvey  (191 4)- 


Acid. 

Caproic. 

Valeric. 

Butyric. 

Propionic. 

Acetic. 

Partition  coefficient. 
Xvlol  /  water 

3.5 

0.6 

0.1 

0.02 

0.00 

Olive  oil  /  water 

7.25 

1.78 

0.44 

0.14 

0.05 

The  fact  that  in  their  first  parts  the  curves  for  valeric   and 
caproic  acids  are  so  near  together,  and  even  cross  each  other,  does 
not  interfere  with  this  interpretation,  since  both  are  so  far  removed 
from  the  other  weak  fatty  acids.     The  intracellular  color  change 
is  an  end  result  which  involves  several  preliminary  processes; 
one  of  these  consists  in  the  alteration  of  the  cell  surface  to  such  an 
extent  that  the  acid  may  enter;  another  consists  in  the  diffusion 
of  acid  through  the  protoplasm.     Provided  the  lipoid  solubility 
of  an  acid  be  sufficiently  great  to  speedily  accomplish  the  former 
offect,  it  is  not  probable  that  an  increase  in  lipoid  solubility  be- 
yond this  point  would  be  markedly  more  efficient. 

The  view  that  this  parallelism  really  indicates  the  method 
whereby  these  acids  gain  access  to  the  interior  of  the  integumen- 
tary cells  of  Chromodoris    may  be  open  to  several  qualifying  ob- 
J  ections,  having  reference  to  the  variation  of  the  partition  co- 
«^fficient  with  acid  concentration,  the  nature  of  the  lipoids  pos- 
« ibly  situated  at  the  cell  surface,  and  other  similar  points.    There 
5«,  however,  a  correspondence  between  the  penetration  and  sol- 
vability series,  which  is  to  a  certain  extent  quantitative  and  can- 
*xot  be  ignored.     Caproic  and  valeric  acids  are  many  times  as 
a^oluble  in  olive  oil  or  xylol  as  are  the  rest  of  the  fatty  acids,  and 
~^-  ley  are  similarly  set  apart  from  butyric,  propionic,  and  acetic  in 
"*:  lie  order  of  their  cell  penetrating  ability.     This  is  also  true,  in  the 
^  ame  sense,  for  the  concentrations  of  these  acids  necessary  to  re- 
^~erse  the  phototropism  of  copepods  (Loeb,  1911,  p.  476).    The 
Combination  of  these  acids  with  fatty  substances  situated  at  the 
*^11  surface  enables  the  weak  fatty  acids  to  penetrate  the  cell  in 
^  sequence  which  has  no  reference  to  acid  strength,  either  among 
themselves  or  in  relation  to  other  acids  (compare  Crozier,  1916). 
III.     Maleic  and  fumaric  acids  are  of  particular  interest,  be- 
cause they  may  be  closely  compared  with  reference  to  the  r61e 


230  Cell  Penetration  by  Acids.     Ill 

of  ionization  in  determining  cell  penetrating  power.  Harvey 
(1914)  found  that  from  0.01  n  solutions  fumaric  acid  required  12 
to  15  minutes,  maleic  acid  20  minutes,  to  penetrate  the  testis 
epithelium  of  Stichopus  ananus.  With  this  sequence  my  values 
(27.6  and  19.4  minutes,  respectively)  do  not  agree. 

The  near  position  of  the  curves  for  succinic,  maleic,  and  fum- 
aric acids,  having  respectively  the  ionization  constants  0.00666, 
1.17,  and  0.093,  is  sufficient  in  itself  to  show  that  ionization  is  not 
the  sole  determinant  of  penetrating  ability.  Yet  the  order 
maleic  >  fumaric,  succinic  bears  out  the  conclusion  previously 
arrived  at  (Crozier,  1916)  that,  when  closely  related  acids  are 
considered,  their  sequence  in  affecting  the  intracellular  indicator 
is  controlled  by  acid  strength,  provided  the  ionization  is  neither 
too  high  nor  too  low. 

SUMMARY. 

IV.  The  penetrating  ability  of  caproic,  maleic,  and  fumaric 
acids  has  been  tested  for  the  indicator-containing  tissue  of  the 
nudibranch  Chromodoris  zebra.  The  positions  of  these  acids 
with  relation  to  the  eighteen  previously  studied  are  such  as  to 
support  the  conclusion  derived  from  the  latter;  namely,  that  for 
any  given  acid  at  least  two  factors  determine  its  relative  position 
in  the  penetration  series.  One  of  these  influences  is  ionization, 
the  second  concerns  more  particularly  the  union  of  the  acid  with 
one  of  the  several  constituents  of  the  cell  surface.  In  the  case 
of  the  weak  monobasic  fatty  acids,  this  constituent  is  of  a  fatty 
nature. 

AGAR'S   ISLAND,    BERMUDA. 
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Investigations  concerned  with  the  question  of  the  indispensa- 
bility  of  ammo-acids  to  the  animal  organism  and  with  their  pre- 
cise significance  in  metabolism,  have  been  pursued  notably  along 
two  general  lines.  The  first  line  of  investigation,  although  fol- 
lowed by  several  workers  independently  with  varying  results,  has 
been  perfected  by  Abderhalden  and  has  given  the  most  fruitful 
results  in  his  hands.  The  method  is  based  upon  the  fact,  which 
has  been  repeatedly  proven  experimentally,  that  the  animal  or- 
ganism can  be  maintained  in  equilibrium  and  can  even  exhibit 
considerable  increases  in  weight  and  nitrogen  when  the  nitroge- 
nous requirements  are  covered  by  preparations  obtained  by  hydro- 
lyzing  protein  material  with  enzymes  until  no  positive  biuret  test 
can  be  secured,  when  presumably  only  amino-acids  and  probably 
the  simpler  polypeptides  were  present.  One  of  the  most  success- 
ful experiments  of  this  nature  was  recently  reported  by  Abder- 
halden.1 In  this  experiment  a  dog  was  kept  for  100  days  on  a 
hydrolyzed  meat  preparation  (ereptone)  supplemented  by  non- 
nitrogenous  nutrients.  During  this  time  the  animal  behaved  nor- 
mally, seemed  in  perfect  health,  and  increased  in  weight  from  13.75 
to  23.10  kg.     Similar  successful  experiments  in  which  completely 


1  The  results  presented  in  this  paper  formed  part  of  a  thesis  submitted 
by  the  author  to  the  Graduate  School  of  the  University  of  Illinois  in  par- 
tial fulfilment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy 
in  Chemistry. 

1  Abderhalden,  E.,  Z.  physiol.  Chwn.,  1913,  lxxxiii,  444. 
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hydrolyzed  preparations3  were  used  during  some  of  the  periods 
have  been  still  more  recently  reported  by  the  same  investigator,4 
using  dogs  and  rats  as  experimental  subjects. 

On  the  basis  of  such  results  the  essence  of  Abderhalden's  method 
was  to  remove  certain  amino-acids  from  the  unknown  mixture  of 
the  products  of  protein  hydrolysis  as  completely  as  available 
methods  would  permit,  and  to  determine  the  nutritive  value  of 
the  residual  mixture  of  amino-acids  by  testing  its  ability  to  main- 
tain body  weight  and  nitrogen  equilibrium  when  fed  to  experi- 
mental animals  in  an  otherwise  adequate  ration  as  the  sole  source 
of  nitrogen.  If  the  residual  mixture  proved  itself  of  equal  nutri- 
tive value  to  the  original,  the  conclusion  seemed  justified  that  the 
amino-acid  or  amino-acids  removed  were  not  indispensable  to 
the  body,  but  could  be  synthesized  from  other  compounds,  pro- 
vided, of  course,  the  removal  was  reasonably  complete.  If  the 
residual  mixture  of  amino-acids  was  clearly  inadequate  to  cover 
the  nitrogen  requirements,  the  proof  of  the  indispensability  of 
the  amino-acid  or  amino-acids  removed  was  completed  by  adding 
again  to  the  ration  the  substances  removed  (isolated  in  a  pure 
condition)  and  thus  restoring  its  complete  nutritive  value.  In 
cases  in  which  the  mixture  was  still  inadequate  after  such  addi- 
tion, no  conclusions  would  be  justified.  Such  ambiguous  results 
might  be  produced,  for  example,  by  the  removal  of  substances 
other  than  those  intentionally  removed,  by  the  incomplete  removal 
of  reagents,  such  as  mercury  salts,  which  may  exert  a  harmful  effect 
on  the  animal  organism,  or  by  chemical  changes  in  the  residual 
amino-acids  incidental  to  the  removal  of  those  under  investigation. 

In  Abderhalden's  laboratory  this  method  has  been  applied  with 
striking  success  in  many  instances.  The  inability  of  the  body  to 
synthesize  tryptophane  and  tyrosine  has  been  repeatedly  and 
clearly  shown.  In  these  experiments  the  tryptophane  was  re- 
moved according  to  the  method  of  Hopkins  and  Cole  with  mer- 
curic sulfate  in  5  per  cent  sulfuric  acid  solution,  and  the  tyrosine 

'  The  completeness  of  hydrolysis  in  these  cases  was  determined  by  amino 
nitrogen  determinations  before  and  after  boiling  with  concentrated  mineral 
acid.  These  preparations  were  submitted  first  to  the  prolonged  action  of 
gastric,  pancreatic,  and  intestinal  juices  or  extracts  and  were  then  digested 
for  8  to  10  hours  on  the  water  bath  with  dilute  sulfuric  acid. 

4  Abderhalden,  Z.  physiol.  Chem.,  1915,  xcvi,  1. 
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by  concentration  of  the  neutralized  solution  in  vacuo.  The  ad- 
dition of  tryptophane  or  tyrosine,  respectively,  to  the  residual 
mixtures  in  most  experiments  had  a  distinct  effect  in  correcting 
their  nutritive  deficiencies  entirely,  as  indicated  by  the  mainte- 
nance of  body  weight  of  the  experimental  animals  to  which  the 
mixtures  were  fed,  and  the  restoration  of  a  positive  balance  of 
nitrogen.  Furthermore,  in  his  more  recent  experiments  Abderhal- 
den  has  shown  that  tyrosine  cannot  be  substituted  by  the  corre- 
sponding keto  acid,  oxyphenyl  pyruvic  acid,  or  by  phenyl  pyruvic 
acid,  nor  could  it  be  substituted  satisfactorily  in  most  experi- 
ments by  phenylalanine,  in  accordance  with  the  work  of  Ernb- 
den  and  Baldes.6  Some  improvement,  however,  in  nitrogen  equi- 
librium was  noted  upon  the  addition  of  phenylalanine  to  the 
tyrosine-free  ration,  suggesting  possibly  a  partial  oxidation  of 
this  amino-acid  to  tyrosine. 

The  work  on  the  nutritive  value  of  tryptophane  and  tyrosine 
reviewed  above  embodies  the  only  entirely  successful  results  ob- 
tained with  the  method.  Attempts  to  determine  the  nutritive 
value  of  proline  and  cystine  have  not  led  to  results  sufficiently 
clear  cut  to  warrant  final  conclusions,  while  still  less  encouraging 
are  the  experiments  to  test  the  diamino-acids,  by  removal  accord- 
ing to  the  procedure  of  Kossel  and  Kutscher. 

Henriques  and  Hansen6  have  published  the  results  of  an  experi- 
ment similar  in  character  to  the  work  of  Abderhalden,  which  led 
them  to  conclude  that  the  diamino-acids  could  be  entirely  dis- 
pensed with  by  the  animal  body.  The  experiment  was  performed 
on  a  rat  and  the  ration  contained,  besides  non-nitrogenous  con- 
stituents, a  mixture  of  the  products  of  protein  hydrolysis  contain- 
ing presumably  only  monoamino-acids.  It  was  prepared  from  an 
enzyme  digest  of  a  protein  by  precipitation  with  phosphotungstic 
acid,  filtration,  removal  of  excess  reagent  from  the  filtrate,  and 
evaporation  to  dryness  in  vacuo.  Unfortunately  the  particular 
protein  used  was  not  mentioned,  and  the  lack  of  all  details  of  the 
phosphotungstic  acid  precipitation  precludes  any  attempt  to  judge 
of  the  completeness  of  separation  of  monoamino-  from  diamino- 
acids.  The  experiment  lasted  only  26  days.  During  the  last  17 
days  only  were  positive  nitrogen  balances  obtained  and  they 

*  Embden,  G.,  and  Baldes,  K.,  Biochem.  Z.,  1913,  lv,  301. 
'Henriques,  V.,  and  Hansen,  C.,Z.  physiol.  Chem.,  1904-05,  xliii,  417. 
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were  such  that  they  could  hardly  be  said  to  constitute  convincing 
evidence  of  the  nutritive  adequacy  of  the  ration  fed,  especially  in 
view  of  the  fact7  that  the  determination  of  the  total  urinary  ni- 
trogen per  day  of  rats,  with  the  exercise  of  the  utmost  care  as  to 
collection  and  preservation,  is  subject  to  errors  of  10  per  cent  or 
more,  due  to  incomplete  collection.  The  body  weight  increased 
slightly  during  the  last  half  of  the  experiment,  but  during  the 
last  3  days  it  declined  slightly  but  consistently.  It  is  unfortu- 
nate that  the  experiment  was  not  continued  further  to  determine 
whether  this  final  decrease  was  significant  or  not.  This  criticism 
is  especially  justified  by  the  many  experiments  that  may  be 
quoted  on  the  feeding  of  synthetic  rations,  in  which  entirely  erron- 
eous conclusions  may  be  drawn  if  attention  is  confined  to  the  first 
20  or  30  days  of  observation. 

The  second  general  method  of  investigation  of  the  nutritive 
significance  of  the  amino-acids  to  the  animal  organism  is  associated 
more  especially  with  the  names  of  Osborne  and  Mendel  and  their 
associates,  and  has  given  by  far  the  most  valuable  results  in  their 
hands.  The  method  consists  essentially  in  the  feeding  of  iso- 
lated and  carefully  purified  proteins,  obtained  from  a  wide  variety 
of  sources,  incorporated  in  basal  rations  otherwise  adequate  for 
normal  growth  or  maintenance  and  composed  of  artificial  food 
materials,  in  most  part  of  known  composition  and  containing  at 
most  but  minimal  percentages  of  nitrogen  or  protein.  By  this 
method  different  proteins  have  been  clearly  shown  to  have  differ- 
ent values  in  nutrition,  in  one  respect  or  another,  and  these  dif- 
ferences have  been  traced  with  great  success  to  differences  in 
amino-acid  content.  Thus,  the  significance  of  some  of  the  amino- 
acids  has  been  made  evident,  either  by  noting  the  peculiar  effect 
attendant  upon  their  absence  in  proteins  or  their  occurrence  in 
minute  amounts,  or  by  observing  the  effects  produced  upon  sup- 
plementing proteins  by  their  addition. 

Of  the  results  obtained  by  Osborne  and  Mendel  with  this  sec- 
ond method  of  investigation  the  most  general  biological  signifi- 
cance is  attached  to  the  demonstration  that  lysine  is  essential  for 
growth.     Gliadin,  the  alcohol-soluble  protein  of  wheat,  when  fed 

7  Osborne,  T.  B.,  and  Mendel,  L.  B.,  Carnegie  Institution  of  Washington, 
Publication  No.  156,  1911,  pt.  i,  12. 
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to  rats  as  the  sole  protein  in  a  ration,  is  capable  of  maintaining  an 
animal  for  long  periods  of  time  at  constant  weight,  but  is  not  able 
to  induce  normal  growth.  A  slow  growth  would  often  result, 
while  at  other  times  only  maintenance  was  secured.  This  char- 
acteristic stunting  with  gliadin  resulted  even  when  the  calorie  in- 
take was  sufficient  for  optimum  growth,  and  has  been  success- 
fully traced8  to  the  low  content  of  this  protein  in  lysine,  since 
upon  the  addition  of  lysine  to  the  ration,  normal  growth  could 
be  secured. 

Zein,  the  alcohol-soluble  protein  of  the  corn  kernel,  has  been 
*shown  by  Osborne  and  Mendel  (and  others  before  them)  to  be 
finable  to  support  either  growth  or  maintenance.     Upon  analysis, 
this  protein  has  been  shown  to  lack  the  amino-acids  glycocoll,  tryp- 
tophane, and  lysine.    The  addition  of  tryptophane  to  the  protein 
^renders  it  adequate  for  long  continued  maintenance,9  the  further 
^addition  of  lysine  renders  it  adequate  for  fairly  normal  growth,9 
lout  for  normal  growth  a  further  addition  of  arginine,  which  is 
"^=>resent  only  in  small  amount  in  zein,  appears  to  be  necessary.10 

Recently,  in  an  investigation11  to  determine  the  effect  of  differ- 

^^nt  percentages  of  various  proteins  in  the  ration  on  the  growth  of 

^white  rats,  Osborne  and  Mendel  have  shown  that  rations  contain- 

i  xig  percentages  of  casein  inadequate  for  normal  growth  may  be 

»— endered  adequate  by  the  addition  of  the  sulfur-containing  amino- 

.cid  cystine  to  the  ration.    These  results  are  intelligible  in  view 

>f  the  comparatively  low  cystine  content  of  casein.12 

Jn  properly  appraising  the  two  general  lines  of  investigation^ 

"trhe  nutritive  value  of  amino-acids  briefly  described — on  the  one 

V*and,  that  method  associated  mainly  with  the  name  of  Abderhal- 

<Jen,  and,  on  the  other  hand,  that  exemplified  best  by  the  work  of 

^Osborne  and  Mendel — it  must  be  granted  that  they  have  contrib- 

8  Osborne  and  Mendel,  J.  Biol.  Chem.,  1914,  xvii,  332. 
•  Osborne  and  Mendel,  /.  Biol.  Chem.,  1915,  xx,  378. 

10  Osborne  and  Mendel,  J.  Biol.  Chem.,  1914,  xviii,  11. 

11  Osborne  and  Mendel,  /.  Biol.  Chem.,  1915,  xx,  351. 

11  Whether  the  favorable  influence  of  cystine  when  added  to  rations  con- 
taining 9  per  cent  or  less  of  casein  was  due  to  its  sulfur  content  entirely 
and  could  be  duplicated  by  other  available  sulfur-bearing  compounds  is 
open  to  question.     It  is  to  be  noted  that  the  ration  as  a  whole,  as  well  as 
the  casein,  was  poor  in  sulfur. 
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uted  much  valuable  information.  Our  conceptions  of  protein 
metabolism  and  protein  requirements  must  be  profoundly  modified 
as  a  result  of  this  pioneer  work.  The  work  of  Osborne  and  Mendel, 
in  particular,  is  worthy  of  the  highest  commendation.  By  work- 
ing with  small  experimental  animals  and  using  artificially  pre- 
pared rations,  consisting  in  large  part  of  carefully  purified  sub- 
stances of  definite  composition,  they  have  succeeded  in  perform- 
ing numerous  experiments  under  carefully  controlled  conditions. 
The  results  have  been  clear  cut  and  unequivocal  in  most  instances. 
However,  no  criticism  of  these  methods  would  be  complete  without 
due  account  being  taken  of  their  limitations. 

The  limitations  of  the  Abderhalden  method  are  obvious.  It  is 
only  applicable  to  those  amino-acids  that  can  be  readily  and  quan- 
titatively isolated  (or  practically  so)  from  protein  hydrolysates, 
and  isolated  by  means  of  reagents  that  can  subsequently  be  entirely 
removed  from  the  residual  mixture.  Furthermore  it  is  essential 
to  the  success  of  the  method  that  the  residual  amino-acids  are  not 
changed  or  destroyed  during  the  manipulations  involved  in. the 
removal  of  the  amino-acid  or  acids  to  be  tested,  nor  by  the  reagents 
employed  for  this  purpose.  In  view  of  the  difficulty,  if  not  the 
impossibility,  of  conforming  to  the  above  conditions  in  the  re- 
moval of  the  large  majority  of  the  amino-acids  from  mixtures  ob- 
tained from  the  hydrolysis  of  proteins,  this  method  is  seriously 
restricted  in  its  usefulness.  It  seems  probable,  in  view  of  the 
methods  available  for  the  quantitative  separation  of  amino-acids, 
th&t  the  Abderhalden  procedure  cannot  be  of  any  lasting  value 
without  at  the  same  time  becoming  so  cumbersome  as  to  be  of 
little  practical  utility. 

The  limitations  of  the  Osborne  and  Mendel  method  are  also 
obvious.  Its  success  depends  upon  a  knowledge  of  the  amino-acid 
content  of  the  different  proteins  investigated.  The  extremely 
unsatisfactory  condition  of  this  knowledge  as  regards  the  large 
majority  of  the  proteins  studied  needs  no  comment.  The  most 
striking  results  have  been  afforded  by  a  study  of  the  nutritive 
value  of  proteins  totally  or  largely  deficient  in  one  or  more  amino- 
acids.  But  such  proteins  are  few  in  number,  apparently,  and 
their  characteristic  effects  may  involve  some  peculiar  proportions 
among  those  amino-acids  that  do  occur  in  them,  proportions  which 
cannot  be  intelligently  modified  in  the  absence  of  reliable  data  as 
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t*>  their  precise  nature.  A  lack  of  such  data,  in  the  case  of  phaseo- 
lin  for  example,13  has  blocked  any  attempt  to  determine  the  cause 
of  its  inadequacy  for  either  maintenance  or  growth.  A  similar  ' 
situation  exists  in  connection  with  the  poor  nutritive  value  for 
growth  of  many  of  the  proteins  of  the  leguminous  seeds,  such  as 
vignin.14 

Any  intelligent  supplementing  of  proteins  with  isolated  amino- 
acids  is  also  impossible  in  the  absence  of  at  least  fairly  reliable 
information  of  their  amino-acid  content.  Thus  Osborne  and 
Mendel  state16  that  they  did  not  attempt  to  supplement  lactal- 
bumin  with  purified  amino-acids  to  determine  whether  normal 
growth  could  be  secured  with  less  than  9  per  cent  of  this  protein 
in  the  ration,  on  account  of  inadequate  information  as  to  its 
amino-acid  make-up. 

However,  even  though  a  good  knowledge  of  the  amino-acid 
content  of  proteins  were  available,  due  to  the  evolution  of  accu- 
rate analytical  methods,  a  study  of  the  nutritive  value  of  native 
proteins  and  of  native  proteins  supplemented  by  amino-acids  can 
hardly  be  expected  to  reveal  the  nutritive  values  of  each  indi- 
vidual amino-acid,  nor  to  determine  whether  each  amino-acid 
may  or  may  not  be  synthesized  by  the  animal  organism.  Much 
less  could  such  a  method  of  study  be  expected  to  yield  complete 
information  as  to  quantitative  amino-acid  requirements.  The 
impossibility  of  such  attainments  by  the  use  of  the  Osborne  and 
Mendel  method  rests  in  the  impossibility  of  controlling  the  amino- 
acid  intake  absolutely  and  of  experimenting  with  any  desired 
combination  of  amino-acids.  For  example,  the  suggestive  theory 
of  Osborne  and  Mendel16  to  the  effect  that  the  only  reason  for  the 
destruction  of  any  protein  at  all  in  maintenance  might  be  to  lib- 
erate a  small  amount  of  one  or  two,  or  at  most  a  relatively  small 
number  of  amino-acids,  to  engage  in  some  "hormone-like  physio- 
logical duty  upon  which  proper  metabolism  might  depend/'  ob- 
viously could  not  be  tested  by  their  method  of  experimentation. 
Thus  while  it  would  be  hazardous  to  attempt  to  predict  to  what 
extent  scientific  ingenuity  will  overcome  the  obstacles  inherently 

11  Osborne  and  Mendel,  J.  Biol.  Chem.,  1914,  xviii,  9. 
14  Osborne  and  Mendel,  Z.  physiol.  Chem.,  1912,  lxxx,  316. 
w  Osborne  and  Mendel,  /.  Biol.  Chem.,  1915,  xx,  356. 
•      •»•  Osborne  and  Mendel,  J.  Biol.  Chem.,  1914,  xvii,  328  and  329. 
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limiting  the  applicability  of  this  method  to  the  problems  of  amino- 
acid  synthesis  in  the  animal  organism  and  of  amino-acid  require- 
ments, it  may  be  confidently  asserted  that  only  a  very  incomplete 
solution  can  be  expected  from  even  the  most  extensive  experi- 
mentation with  it. 

The  most  direct  method  of  attacking  these  problems,  and  the 
only  method  with  unlimited  possibilities,  is  the  feeding  of  definite 
mixtures  of  isolated  amino-acids,  to  the  complete  exclusion  of  pro- 
teins and  all  of  their  intermediary  degradation  products.  It  is 
the  main  purpose  of  this  investigation  .to  test  the  feasibility  of  this 
method  of  experimentation. 

Several  attempts  to  cover  the  nitrogenous  requirements  of  dogs  by  sub- 
stituting the  protein  of  a  ration  by  a  mixture  of  purified  amino-acids  have 
been  made  by  Abderhalden.17  After  many  unsuccessful  trials  one  experi- 
ment of  8  days'  duration  is  reported  in  which  the  most  encouraging  results 
were  obtained.  The  difficulties  encountered  in  the  previous  trials  were, 
first,  inducing  the  animals  to  consume  the  rations  containing  amino-acids, 
and,  second,  avoiding  the  digestive  disturbances  which  such  rations  were 
especially  liable  to  produce,  such  as  vomiting  and  diarrhea.  In  the  8  day 
experiment  above  mentioned  a  mixture  of  isolated  amino-acids  in  their 
naturally  occurring  forms,  containing  all  of  the  amino-acids  commonly 
obtained  in  the  hydrolysis  of  proteins  with  the  exception  of  oxyproline, 
was  fed.  Each  day's  ration  consisted  of  25  gm.  of  amino-acids,  50  gm.  of 
a  glycerol-fatty  acid  mixture,  2  gm.  of  cholesterol,  50  gm.  of  glucose,  and 
5  gm.  of  bone  ash,  the  amino-acids  constituting  about  9  per  cent  of  the  total 
ration.  Though  the  ration  possessed  no  decided  taate,  it  was  a  matter  of 
great  difficulty  to  induce  the  animal  to  consume  it.  It  was  necessary  to 
feed  the  dog  often  with  small  portions  of  the  food.  During  the  8  days  of 
feeding  the  body  weight  was  constant.  A  negative  nitrogen  balance  was 
obtained  on  the  4th,  5th,  6th,  and  8th  days,  though  the  average  balance  of 
the  period  was  positive.  During  the  subsequent  7  day  period,  when  25 
gm.  of  hydrolyzcd  beef  (with  a  smaller  percentage  of  nitrogen)  were  substi- 
tuted for  the  amino-acid  mixture  in  the  above  ration,  the  body  weight  in- 
creased slightly  and  a  much  more  favorable  nitrogen  balance  was  secured. 

Another  dog  was  fed  for  6  days  with  a  ration  containing  22.1  gm.  of  the 
same  amino-acid  mixture,  2  gm.  of  hydrolyzed  nucleic  acid,  25  gm.  of  fat, 
20  gm.  of  sucrose,  20  gm.  of  glucose,  and  5  gm.  of  bone  ash.  The  weight  of 
the  dog  was  practically  constant  throughout  the  period,  though  negative 
nitrogen  balances  were  obtained  on  the  3rd,  4th,  and  5th  days  of  feeding. 
The  experiment  was  terminated  by  the  refusal  of  the  dog  to  consume  any 
more  of  the  ration.  Substitution  of  the  amino-acid  mixture  by  hydro- 
lyzed meat  in  the  above  ration  was  followed  by  more  favorable  results,  as 
in  the  preceding  experiment. 

17  Abderhalden,  7j.  physiol.  Chem.,  1912,  lxxvii,  22. 
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Abderhalden  concludes  from  these  two  feeding  periods  that  no 
physiologically  indispensable  amino-acid  was  absent  from  the  mix- 
ture fed.  This  conclusion,  however,  must  be  considerably  dis- 
counted by  reason  of  the  shortness  of  the  periods  of  amino-acid 
feeding,  and  by  the  unsatisfactory  nitrogen  balances  obtained. 
The  objections  inherent  in  such  short  feeding  periods  as  occur 
throughout  Abderhalden's  investigations  need  no  comment  in 
view  of  the  frequent  experience,  especially  of  American  investi- 
gators, with  rations  that  appear  to  be  adequate  for  long  periods ' 
of  time,  but  that  ultimately  lead  to  nutritive  failure.  Quoting  a 
significant  remark  in  one  of  the  papers  of  Osborne  and  Mendel  :18 

"If  we  had  been  content  to  discontinue  the  experiments  after  a  reason- 
able period,  many  of  the  declines  [in  body  weight]  evidently  associated  with 
imperfections  in  the  dietary  and  readily  checked  by  a  change  in  feeding, 
would  have  escaped  attention." 

Osborne  and  Mendel19  have  recently  reported  briefly  an  attempt 
to  cover  the  maintenance  nitrogenous  requirements  of  rats  by  a . 
mixture  of  tryptophane,  cystine,  histidine,  tyrosine,  phenylala- 
nine, proline,  and  ammonium  citrate  or  urea.     In  their  own  words : 

4 

"All  such  attempts  failed,  even  when  the  supply  of  energy  in  the  form 
of  non-protein  substances  was  liberal  and  the  food  contained  all  of  the 
necessary  inorganic  salts  and  'food  accessories/  and  in  addition  at  least 
0.5  per  cent  of  protein,  present  in  the  'protein-free'  milk.  On  such  diets 
the  rats  declined  just  as  rapidly  as  when  the  amino-acid  additions  were 
not  made." 

It  is  evident  from  this  review  of  the  few  experiments  concerned 
with  the  feeding  of  mixtures  of  amino-acids  to  the  exclusion  of 

18  Osborne  and  Mendel,  /.  Biol.  Chem.,  1912-13,  xiii,  245  and  246.  Fur- 
ther evidence  of  the  unreliability  of  short  feeding  experiments  is  afforded 
by  the  work  of  Dr.  Ruth  Wheeler.  According  to  this  investigator  (/.  Exp. 
Zool.,  1913,  xv,  210): 

"Animals  have  a  surprising  power  of  getting  along  for  a  time  on  a  quali- 
tatively inadequate  diet.  Mice  kept  upon  a  ration  in  which  two-thirds  of 
the  protein  was  gelatin  and  the  other  third  casein  did  not  show  a  decline  in 
body  weight  for  21  days,  although  the  ultimate  decline  of  every  animal 
fed  upon  this  food  showed  it  to  be  insufficient;  another  group  made  mate- 
rial gains  in  weight  for  17  days  on  a  diet  upon  which  all  ultimately  lost 
weight  rapidly  and  died  unless  the  food  was  changed." 

19  Osborne  and  Mendel,  J.  Biol.  Chem.,  1916,  xxv,  2. 
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protein  that  no  conclusive  results  have  thus  far  been  obtained; 
that  is,  that  no  definite  mixture  of  isolated  amino-acids  has  been 
shown  to  be  capable  of  supporting  life  indefinitely.  With  the 
purpose  of  discovering  some  such  mixture,  the  experimental  work 
reported  below  was  undertaken.  The  results  secured  to  date  have 
not  been  entirely  successful,  but  several  points  of  interest  have 
been  observed  that  seemed  of  sufficient  importance  to  warrant 
publication. 

EXPERIMENTAL  INVESTIGATION. 

The  Selection  of  Experimental  Animals. — The  arguments  in 
favor  of  the  use  of  the  smaller  experimental  animals  in  nutrition 
work  have  been  well  summarized  by  Osborne  and  Mendel:10 

"The  preparation  of  suitable  pure  food  supplies  on  a  scale  sufficient  for 
long  periods  and  in  economically  procurable  amounts  is  thereby  rendered 
possible.  The  necessary  scientific  measurements  and  analyses  can  be  con- 
ducted on  a  scale  impossible  for  larger  animals,  and  the  problem  of  care 
and  attention  is  equally  simplified.  Experiments  can  be  duplicated  with- 
out great  effort  and  individual  peculiarities  eliminated  by  force  of  num- 
bers. Furthermore,  the  various  stages  of  growth  and  maturity  are  com- 
pleted in  the  smaller  animals  within  relatively  short  periods  of  time,  so 
that  the  permanent  effects  of  any  dietary  become  apparent  within  a  range 
of  days  or  months  that  is  not  outside  of  ordinary  experimental  possibili- 
ties of  observation.  As  illustrations  of  some  of  these  features  it  may  be 
recalled  that  the  ultimate  effects  of  complete  inanition  are  apparent  in  4 
or  5  days*1  in  rats  or  mice;  in  dogs  the  fatal  outcome  may  be  delayed  for 
many  weeks.  The  duration  of  life  in  the  white  rat  is  about  3  years;  about 
280  days  suffice  to  complete  the  entire  period  of  growth  to  maturity.'* 

20  Osborne  and  Mendel,  Carnegie  Institution  of  Washington,  Publica- 
tion No.  156,  1911,  pt  i,  6. 

sl  In  the  course  of  one  of  our  feeding  experiments  with  white  mice  we 
attempted  to  feed  an  amino-acid  ration  to  a  female  mouse  weighing  23.6 
gm.  For  the  first  4  days  the  food  was  untouched;  on  the  5th  day,  1.5  gm. 
of  ration  were  eaten.  For  the  next  2  days  the  food  was  untouched  and  it 
was  withdrawn  on  the  7th  day,  from  which  time  the  animal  received  water 
only.  The  body  weight  rapidly  declined,  though  aside  from  emaciation  no 
other  symptoms  of  malnutrition,  such  as  roughened  coat,  infected  eyes, 
etc.,  were  apparent.  On  the  15th  day  of  observation,  i.e.,  10  days  after 
the  1.5  gm.  portion  of  food  was  eaten,  the  animal  died  at  a  weight  of  11.0 
gm.,  having  lost  over  53  per  cent  of  its  initial  weight.  From  this  observa- 
tion it  would  appear  that  the  resistance  of  mice  to  inanition  is  much  greater 
than  is  indicated  in  the  quotation  cited. 
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In  the  experimental  project  reported  below  the  main  limiting 
factor  was  the  amounts  of  amino-acids  that  could  be  bought  or 
prepared.  It  was,  therefore,  considered  expedient  to  use  mice  or 
rats  for  the  work,  and  of  these  two  species  of  animals  mice  were 
considered  more  satisfactory,  since  they  are  only  about  one-tenth 
as  heavy  as  rats  of  equal  age  and  consequently  they  require  a 
much  smaller  amount  of  food  for  maintenance  and  growth.  Their 
span  of  life  is  also  shorter  than  that  of  the  rat.  It  has  been  stated 
that  the  average  life  of  a  white  mouse  is  less  than  2  years,  that 
they  are  sexually  mature  at  2  months  of  age,  and  are  fully  grown 
at  150  days  or  even  less.  It  would  therefore  appear  that  the  ef- 
fect of  any  inadequacy  in  a  ration  would  be  manifested  in  an  even 
shorter  period  of  time  with  mice  than  with  rats. 

It  is  certainly  of  some  importance  to  consider  the  suitability 
of  mice  (or  rats)  as  experimental  subjects,  not  only  from  the 
standpoint  of  experimental  convenience  and  expediency,  but  also 
from  the  standpoint  of  the  biological  significance  of  any  experi- 
mental results  obtained.  It  is  of  no  economic  importance  or  of 
no  human  interest  simply  to  determine  the  qualitative  or  quan- 
titative food  requirements  of  such  animals  as  rats  or  mice,  if 
such  requirements  are  not  indicative,  in  a  general  way  at  least, 
of  the  food  requirements  of  all  mammalian  organisms. 

One  is  apt  to  have  the  impression,  probably  largely  on  account 
of  the  great  discrepancy  in  size  between  rats  and  mice  and  ani- 
mals of  any  economic  or  other  importance  to  man  (including  man 
himself),  that  these  smaller  experimental  animals  are  inherently 
unsuited  for  investigation  purposes,  because  any  results  obtained 
with  them  must  possess  a  very  limited  significance.  In  opposition 
to  such  an  impression  stands  the  work  of  Folin  and  Morris22  on 
the  great  similarity  in  the  composition  of  the  urine  and  also  in 
purine  metabolism  between  the  rat  and  man.  The  extensive  in- 
vestigations of  Donaldson23  on  the  growth  of  the  white  rat  have 
revealed  close  similarities  to  man,  the  similarity  extending  even 
to  the  growth  of  the  brain  and  spinal  cord.  The  close  parallel- 
ism between  the  results  that  Hart  and  McCollum24  have  obtained 

"  Folin,  O.,  and  Morris,  J.  L.,  J.  Biol.  Chem.,  1913,  xiv,  509. 
u  Donaldson,  H.  H.,  Boas  Memorial  Volume,  New  York,  1906,  5-26;  also 
/.  Comp.  Neurol,  and  Psychol.,  1908,  xviii,  345. 

14  Hart,  E.  B.,  and  McCollum,  E.  V.,  J.  Biol.  Chem.,  1914,  xix,  373. 

JOURNAL  OP  BIOLOGICAL  CHEMISTRY,   VOL.  XXVI,    NO.   1 


242      Feeding  Experiments  with  Amino-Acids 

with  pigs  and  with  white  rats  in  their  study  of  the  influence  of 
restricted  rations  on  growth  also  testifes  to  the  general  biological 
significance  of  experimental  results  secured  with  rats  and  pre- 
sumably, also,  of  those  secured  with  mice. 

Such  concrete  illustrations  of  the  close  biological  relations  ex- 
isting between  the  different  species  of  mammals  lend  support  to 
the  general  practice  ampng  physiologists  and  investigators  in  nu- 
trition and  related  fields — a  practice  that  is  perhaps  too  generally 
accepted  and  too  seldom  submitted  to  critical  scrutiny — to  attach 
a  general  biological  significance  to  experimental  results  obtained 
upon  one  particular  species,  or  more  truly  upon  a  few  representa- 
tives of  one  particular  species  of  animals.  The  main  justification 
of  this  practice  is  that,  though  no  extensive  systematic  investiga- 
tions on  the  comparative  physiology  and  metabolism  of  the  differ- 
ent species  of  mammals  have  been  attempted,  the  experimental 
findings  upon  a  large  variety  of  animals  are  all  remarkably  con- 
sistent with  one  another,  if  not  actually  confirmatory  of  one  an- 
other. Those  differences  that  have  been  found  in  the  metabolism 
of  different  species  of  mammals  afe  largely  quantitative  and  not 
qualitative.  Therefore  it  has  been  concluded  that  experimental 
results  obtained  with  one  species  of  mammals  may  be  considered 
as  at  least  qualitatively  applicable  to  mammals  in  general.  Obvi- 
ously accurate  observations  on  rats  or  mice  should  be  considered 
as  valuable,  in  their  general  applicability,  as  observations  on  any 
other  species  of  animal. 

Experimental  Details. — The  mice  were  confined  in  galvanized 
iron  cages,  8  inches  in  diameter  and  6  inches  high.  In  most  of 
the  experiments  two  mice  were  confined  in  a  single  cage.  A  small 
amount  of  paper  excelsior26  was  always  kept  in  the  cages. 

The  rations  were  placed  in  small  porcelain  crucibles,  If  inches 
in  diameter  at  the  top  and  about  If  inches  in  height,  which  were 
wired  to  the  sides  of  the  cages.  To  prevent  undue  scattering  of 
the  food,  the  top  of  the  crucible  was  fitted  with  a  flanged  ring  of 
tinned  copper,  the  hole  in  the  ring  being  about  1  inch  in  diameter. 
This  was  crossed  by  two  wires,  also  of  tinned  copper,  at  right 
angles  to  each  other,  so  that  there  were  four  holes  through  which 
the  mice  could  insert  only  their  heads.     With  this  device  it  was 

**  The  paper  excelsior  used  in  all  of  the  work  analyzed  0.80  per  cent  ash 
and  0.05  to  0.06  per  cent  nitrogen. 


H.  H.  Mitchell  243 

hoped  that  all  scattering  of  the  rations  would  be  avoided,  but  al- 
most invariably  with  the  amino-acid  rations  considerable  scatter- 
ing would  occur  in  spite  of  all  precautions.  In  such  cases,  to  in- 
sure a  fairly  accurate  determination  of  the  food  intake,  the  cage 
was  placed  over  a  crystallizing  dish  of  such  size  as  to  fit  under  it 
tightly.  This,  prevented  the  inroads  of  any  wild  mice.  To  in- 
sure a  good  separation  of  food  waste  and  urine,  a  piece  of  heavy 
filter  paper  about  4  inches  square  was  placed  immediately  under 
the  food  crucible  in  the  crystallizing  dish.  With  these  arrange- 
ments it  was  rare  that  a  good  determination  of  the  food  intake 
could  not  be  made,  though  only  at  the  expense  of  much  time  and 
patience.  The  food  was  weighed  out  once  a  day,  at  which  time 
the  uneaten  food  from  the  preceding  day  was  determined.  The 
mice  were  weighed  once  a  day  in  the  amino-acid  experiments, 
and  once  every  other  day  in  the  experiments  with  other  rations. 

Water  was  supplied  to  the  mice  from  an  inverted  bottle  (attached 
to  the  removable  top  of  the  cage)  provided  with  a  bent  delivery 
tube  protruding  a  few  inches  into  the  cage.  This  method  is  very 
satisfactory,  if  care  is  taken  to  insure  that  the  delivery  tubes  are 
always  full  of  water.  This  depends  primarily  on  the  bore  of  the 
tube,  the  angle  at  which  it  is  bent,  and  the  size  of  the  opening  at 
the  end  of  the  tube,  which  is  necessarily  constricted  somewhat  to 
prevent  undue  loss  of  water.     Distilled  water  only  was  used. 

The  mice  were  kept  in  light  and  dry  quarters.  During  the 
autumn  months  when  no  artificial  heat  was  available,  the  tem- 
perature occasionally  fell  to  65°  or  even  60°  F.,  but  later  after 
the  installation  of  a  radiator,  the  temperature  always  remained 
above  70°  and  was  generally  maintained  between  75°  and  80°.  In 
the  hottest  days  of  summer  the  temperature  .often  rose  above  90° 
F.,  but  at  such  times  conditions  were  alleviated  somewhat  by  the 
use  of  an  electric  fan. 

The  cages  were  cleaned  out  once  a  day  generally,  and  in  all 
cases  at  least  once  every  other  day.  They  were  sterilized  when- 
ever such  measures  were  required  (generally  once  in  1  or  2  weeks) 
by  passage  through  a  hot  solution  of  strong  alkali  and  thorough 
rinsing  with  water. 

The  amino-acids  used  in  the  feeding  experiments  were  mostly 
prepared  from  protein  material.     The  tyrosine,  cystine,  glutamic 
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acid,  lysine,  histidine,  and  arginine  were  prepared  in  the  usual 
way  from  various  proteins  after  complete  acid  hydrolysis.  The 
tryptophane  was  prepared  from  pancreatine  digests  of  casein  by 
the  method  of  Hopkins  and  Cole.  The  valine  was  synthesized, 
and  the  aspartic  acid,  asparagine,  leucine,  alanine,  glycocoll,  iso- 
leucine,  and  phenylalanine  were  bought  on  the  market  and  were 
in  most  cases  Kahlbaum  products.  The  Z-proline  used  in  some  of 
the  rations  was  an  impure  product  obtained  by  alcohol  extraction 
of  protein  hydrolysates  with  acid  and  subsequent  isolation  of  the 
copper  salt.  Oxyproline  and  serine  were  not  available  for  any 
of  this  work. 

Most  of  the  amino-acids  prepared  in  the  laboratory  were  not 
of  tested  purity.  The  tyrosine  and  cystine  used  were  found  to 
contain  very  close  to  the  theoretical  percentage  of  nitrogen  and 
one  tryptophane  preparation  was  likewise  found  to  be  a  very  good 
product  as  judged  by  this  criterion. 

Basal  Rations  for  Maintenance. — In  view  of  the  fact  that  growth 
probably  sets  a  higher  standard  as  regards  amino-acid  require- 
ments than  does  simple  maintenance,  the  logical  point  of  attack 
in  this  investigation  appeared  to  be  the  amino-acid  requirements 
for  maintenance  rather  than  for  growth.  Another  argument  in 
favor  of  this  procedure  was  that  adult  mice,  which  would  be  used 
in  maintenance  experiments,  could  probably  withstand  the  di- 
gestive disturbances  anticipated  in  the  feeding  of  amino-acid  ra- 
tions better  than  immature  animals. 

It  was  therefore  necessary  to  decide  upon  a  suitable  basal  ration 
for  maintenance  made  up  of  food  substances  containing  minimal 
amounts  of  nitrogen.  The  rations  used  by  McCollum  and  Davis, 
consisting  of  dext/in,  lactose,  purified  butter  fat,  agar-agar,  and 
a  synthetic  salt  mixture,  besides  protein,  for  which  mixtures  of 
amino-acids  could  be  substituted  in  our  experiments,  seemed 
ideal  for  the  purpose.  Unfortunately  we  could  not  secure  long 
continued  maintenance  of  mice  with  such  a  ration,  even  when 
casein  was  used  to  cover  the  nitrogen  requirements,  the  trouble 
seeming  to  rest  with  the  salt  mixture.  The  ration  of  Osborne 
and  Mendel,  consisting  of  protein  18  per  cent,  "protein-free  milk" 
28  per  cent,  starch  26  per  cent,  lard  10  per  cent,  and  purified 
butter  fat  18  per  cent,  was  found  to  be  capable  of  maintaining 
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mice  for  long  periods  of  time,  thus  confirming  the  results  of 
Wheeler.18' 26 

The  main  objection  to  such  a  ration  in  an  experiment  of  this 
nature  is  the  fact  that  the  "protein-free  milk"  as  prepared  accord- 
ing to  the  directions  of  Osborne  and  Mendel  always  contains  pro- 
tein nitrogen.  In  attempting  to  obviate  this  difficulty  we  have 
slightly  modified  the  method  of  preparing  this  product.27  Af- 
ter precipitating  the  casein  from  milk  by  a  slight  excess  of  HC1, 
filtering  off  the  coagulum,  boiling  for  \  minute  to  coagulate  the 
lactalbumin,  and  filtering  off  this  precipitate,  the  solution  was 
carefully  neutralized  to  litmus  with  NaOH  and  again  filtered,  the 
filtrate  being  then  evaporated  to  a  thick  paste  on  the  water  bath 
at  70°C.  and  dried  in  a  current  of  warm  air.  The  last  filtration, 
which  constitutes  the  modification  introduced,  removes  about 
0.1  per  cent  of  nitrogen,  presumably  protein  nitrogen,  figured  on 
the  basis  of  the  dried  product,  or  one-seventh  of  the  total  nitro- 
gen of  the  first  filtrate.  Some  of  the  mineral  salts  are  also  re- 
moved, though  the  nutritive  value  of  the  preparation  for  mainte- 
nance does  not  seem  to  be  impaired  at  all  if  it  constitutes  as  much 
as  28  per  cent  of  the  ration.  This  modified  preparation  of  "protein- 
free  milk"  was  used  in  many  of  the  feeding  experiments  reported 
below. 

Feeding  Experiments  with  Mixtures  of  Amino- Acids. — In  the  first 
attempts  to  cover  the  nitrogenous  requirements  of  mice  by  defi- 

*•  While  the  Osborne  and  Mendel  casein  and  "protein-free  milk"  ration 
appears  to  be  satisfactory  for  the  maintenance  of  weight  and  health  of  white 
mice,  it  does  not  appear  to  be  satisfactory  for  the  production  of  offspring. 
Comparatively  few  cases  of  pregnancy  were  observed  with  mice  on  this 
ration.  Where  pregnancy  occurred  birth  was  generally  premature,  appar- 
ently, and  the  young  were  generally  eaten  by  the  mother  within  24  or  48 
hours.  In  the  course  of  over  a  year's  experience  only  three  young  (out  of 
a  litter  of  five)  were  successfully  raised  until  weaning,  on  this  ration,  and 
in  these  cases  growth  during  the  nursing  period  was  noticeably  slower  than 
normal. 

,7  Mitchell,  H.  H.,  and  Nelson,  R.  A.,  J.  Biol.  Chem.,  1915,  xxiii,  459. 
It  might  be  said  that  practically  all  of  the  investigation  work  reported  in 
this  paper  was  completed  before  the  trichloroacetic  acid  method  of  pre- 
paring protein-free  milk  was  elaborated.  This  method,  while  probably 
letter  suited  to  the  purposes  of  this  work  than  any  other,  was  not  used  in 
the  preparation  of  any  of  the  rations  tested. 
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nite  mixtures  of  amino-acids,  the  Osborne-Mendel  ration  was 
modified  simply  by  the  substitution  of  the  18  per  cent  casein  by 
18  per  cent  of  definite  mixtures  of  amino-acids,  containing  fifteen 
or  fewer  of  the  seventeen  amino-acids  commonly  found  in  pro- 
teins, the  two  amino-acids  lacking  being  serine  and  oxyproline. 
The  proportions  of  the  individual  amino-acids  included  in  these 
mixtures  were  more  or  less  arbitrarily  chosen,  since  there  is  little 
information  at  hand  that  would  logically  furnish  a  presumption  in 
favor  of  any  one  mixture  as  opposed  to  others.  In  preparing  these 
(as  well  as  other  mixtures  tested)  some  consideration  \yas  given 
to  the  available  analyses  of  pure  proteins  known  to  be  complete 
for  maintenance  and  growth;  more  consideration  was  necessarily 
paid  to  the  stock  of  amino-acids  on  hand. 

The  results  of  the  feeding  experiments  with  18  per  cent  of  amino- 
acids  were  not  successful  and  will  not  be  given  in  detail.  In  all 
cases  a  decline  in  weight  began  as  soon  as  the  amino-acid  rations 
were  given,  and  in  all  cases  the  food  consumed  per  day  was  light, 
especially  as  the  experiment  continued,  so  that  it  cannot  be  said 
that  the  failure  to  maintain  weight  was  due  to  an  incomplete 
amino-acid  intake  any  more  than  to  an  incomplete  energy  intake. 
In  several  cases  the  mice  on  these  amino-acid  rations  died  within 
2  weeks,  and  in  other  cases  after  longer  periods.  Four  of  the 
mice  that  died  showed  symptoms  of  severe  diarrhea.  The  other 
six  mice  that  died  on  the  amino-acid  rations  showed  no  outward 
symptoms  of  digestive  disturbance.  No  postmortem  examina- 
tions of  these  mice  were  made. 

The  most  successful  of  these  preliminary  experiments  were  run 
on  two  male  and  two  female  mice.  The  former  two  mice  weighed 
from  20  to  21  gm.  at  the  beginning  of  the  experiment  and 
were  kept  on  rations  containing  mixtures  of  the  15  amino-acids 
available,  for  27  days.  At  this  time  they  had  lost  37  and  45  per 
cent  of  their  original  weight.  The  two  female  mice  weighed  from 
18  to  18.5  gm.  initially  and  were  kept  on  an  amino-acid  ration  for 
28  days,  at  which  time  they  had  lost  37  and  43  per  cent  of  their 
weight.  The  condition  of  these  four  mice  at  the  end  of  27  and 
28  days  was  obviously  poor.  Their  hair  was  rough,  emaciation  was 
extreme,  and  they  were  so  weak  that  they  could  barely  use  their 
hind  legs.  Upon  changing  to  a  ration  containing  18  per  cent  of 
casein,  recovery  of  the  original  weight  occurred  slowly  in  three 
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cases.  In  one  case  recovery  was  not  complete,  though  the  health 
and  condition  of  the  animal  was  apparently  restored. 

At  this  stage  of  the  investigation  the  publications  of  Osborne 
and  Mendel11  and  of  McCollum  and  Davis28  on  minimum  protein 
requirements  appeared,  in  which  it  was  shown  that  the  protein 
requirements  for  the  maintenance  of  rats  may  be  covered  by  ra- 
tions containing  as  low  as  3  or  even  2  per  cent  of  protein.  A  plan 
for  further  work  with  the  amino-acid  rations  immediately  sug- 
gested itself.  By  lowering  the  percentage  of  amino-acids  in  the 
ration  it  was  hoped  that  the  food  intake  of  the  mice  could  be 
raised  to  normal  and  thus  assure  a  fair  test  of  the  amino-acid 
mixtures,  provided  that  the  diminished  consumption  of  the  18 
per  cent  amino-acid  rations  was  due  simply  to  some  disagreeable 
flavor  imparted  to  the  rations  by  the  amino-acids  contained  in 
them. 

This  plan  was  first  tested  with  a  ration  containing  8.1  per  cent 
of  a  mixture  of  six  amino-acids : 

per  cent 

Tyrosine 1.0 

Cystine. 1.0 

Glutamic  acid 4.0 

Tryptophane 0.6 

Histidine , 0.5 

Arginine 1.0 

This  ration  was  given  to  a  male  mouse  with  an  initial  weight  of 
21.4  gm.  For  the  first  9  days  the  food  intake  was  adequate,  ap- 
parently, in  covering  the  energy  requirements,  being  from  2  to  3 
gm.  per  day.  The  body  weight  decreased  steadily,  however,  prob- 
ably due  to  an  inadequate  amino-acid  intake.  On  the  9th  day 
the  mouse  weighed  only  15.6  gm.  From  the  9th  through  the 
50th  day  of  the  experiment  the  amino-acid  ration  was  alternated 
in  an  irregular  fashion  with  a  non-nitrogenous  ration,  containing 
neither  protein  nor  amino-acids  except  in  so  far  as  these  are  con- 
tained in  "  protein-free  milk." 

The  introduction  of  the  non-nitrogenous  ration  exerted  a  de- 
cidedly favorable  influence  on  the  body  weight,  which  showed  no 
tendency  to  decrease  during  the  next  16  days  of  observation — 
on  the  25th  day  of  observation  the  weight  of  the  mouse  was  15.2 

"McCollum,  E.  V.,  and  Davis,  M.,  J.  Biol.  Chem.,  1915,  xx,  415. 
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gm.  However,  from  here  on,  a  slow  decline  ensued.  During 
the  period  of  mixed  feeding  the  food  consumption  was  much 
better  on  the  non-nitrogenous  than  on  the  amino-acid  rations,  and 
almost  invariably  a  day's  feeding  of  the  former  when  immediately 
preceded  by  a  day's  feeding  of  the  latter  ration  produced  a  more 
or  less  clearly  marked  increase  in  body  weight.  For  50  days  this 
mouse  was  kept  alive  on  rations  containing  no  appreciable  amount 
of  protein.  Towards  the  last  of  the  test  the  animal  was  in  very 
poor  condition  and  weighed  11.4  gm.  on  the  50th  day.  An  at- 
tempt at  recuperation  on  rations  containing  small  amounts  of 
casein  (2  to  3  per  cent)  supplemented  with  cystine  and  trypto- 
phane failed,  and  the  mouse  died  on  the  58th  day  of  the  experi- 
ment at  a  weight  of  10.2  gm.  The  total  loss  in  weight  amounted 
to  about  52  per  cent  of  the  initial  weight. 

A  somewhat  similar  experiment  to  that  just  described  was  un- 
dertaken with  a  male  and  female  mouse  each  weighing  initially 
about  23  gm.  For  the  first  9  days  of  the  experiment  these  mice 
were  put  upon  a  non-nitrogenous  ration  and  they  declined  steadily 
and  rapidly  in  weight.  From  the  9th  to  the  40th  days  non-nitro- 
genous and  amino-acid  rations  were  fed  alternately,  as  in  the  pre- 
ceding experiment.  The  decline  in  weight  still  continued,  but  at 
a  distinctly  more  moderate  rate,  though  the  food  consumption 
was  not  noticeably  increased,  decreasing  slowly,  in  fact,  both  ab- 
solutely and  per  100  gm.  of  body  weight. 

These  two  experiments  showed  that  the  body  weight  curves  of 
mice  on  amino-acid  rations  could  be  favorably  affected  by  inter- 
posing non-nitrogenous  rations  alternately  with  the  test  rations. 
This  favorable  effect  may  be  due  simply  to  the  fact  that  the  former 
rations  were  consumed  in  larger  quantities  than  the  latter  so  that 
the  energy  requirements  could  be  covered,  or  at  least  more  nearly 
covered,  than  on  amino-acid  rations  entirely.  While  this  regime 
at  the  same  time  lowers  the  intake  of  amino-acids,  it  might  still 
be  consistent  with  nitrogen  equilibrium  in  view  of  the  known  low 
protein  requirements  for  maintenance  of  rats,  and  presumably 
also  of  mice.  Therefore  a  series  of  feeding  experiments  were 
planned  to  test  the  value  of  various  amino-acid  mixtures  which 
were  included  in  percentages  ranging  from  2.5  to  9  in  rations  con- 
taining 28  per  cent  of  "  protein-free  milk"  (in  some  cases  the  modi- 
fied preparation  described  above),  26  per  cent  starch,  10  per  cent 
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lard,  18  per  cent  butter  fat,  and  sufficient  sucrose  to  make  the 
ration  up  to  100  per  cent.  These  amino-acid  rations  were  fed 
alternately  with  a  non-nitrogenous  ration  consisting  of  10  per 
cent  aucrose,  34  per  cent  starch,  28  per  cent  "protein-free  milk" 
(in  most  cases  the  modified  preparation),  10  per  cent  lard,  and  18 
per  cent  butter  fat.  A  few  of  the  more  successful  of  these  experi- 
ments, the  results  of  which  are  represented  graphically  in  Charts 
I  to  V,  will  now  be  considered, 
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Chart  I.  The  upper  two  curves  represent  the  changes  in  body  weight 
•*nf  Mice  33  a*  and  33  9  .  The  circled  points  on  the  lower  curve,  represent- 
ing the  daily  food  consumption  of  the  mice,  indicate  the  days  on  which 
*=Hoino-acid  rations  were  consumed.  On  the  other  days  practically  non- 
xritrogenous  rations  were  given.  For  the  period  up  to  and  including  the 
-S9th  day  the  amino-acid  ration  used  contained  i  0.20  per  cent  histidine,  0.25 
J£>er  cent  glycocoll,  alanine,  valine,  isoleucine,  phenylalanine,  proline,  and 
*ispartie  acid,  0.30  per  cent  tryptophane,  0.37  per  cent  cystine,  0.40  per 
-^=ent  arginine  and  lysine,  0.45  per  cent  asparagine,  0.50  per  cent  leucine  and 
tyrosine,  and  0.75  per  cent  glutamic  acid — a  total  of  5.62  per  cent  of  ami  no - 
^acids.  This  ration  contained  the  most  complete  amino-acid  mixture  used 
in  all  the  experiments  reported;  i.e.,  fifteen  acids.  Of  the  amino-acids  cora- 
XBonly  occurring  in  proteins  only  serine  and  oxyproline  are  not  represented. 
^Wrom  the  60th  to  the  76th  days  inclusive  the  amino-acid  ration  used  con- 
tained: 0.25  per  cent  isoleucine,  cystine,  tryptophane,  arginine,  histidine, 
"Valine,  aspartic  acid,  and  phenylalanine,  0.50  per  cent  tyrosine  and  leucine, 
and  1.00  per  cent  glutamic  acid — a  total  of  eleven  amino-acids,  making  up 
-3.00  per  cent  of  the  ration.  From  the  77th  day  to  the  end  of  the  experiment 
the  amino-acid  ration  used  contained  ten  amino-acids:  0.25  per  cent  cys- 
tine, tryptophane,  valine,  histidine,  and  phenylalanine,  0.50  per  cent  tyro- 
vine,  leucine,  arginine,  and  asparagine,  and  0.75  per  cent  glutamic  acid — 
»  total  of  4.00  per  cent. 

In  Chart  I  are  recorded  the  results  of  a  feeding  experiment  on 
two  mice  that  were  fed  alternately,  as  indicated  by  the  curve  at 
the  bottom  of  the  figure  representing  the  daily  food  consumption, 
a  non-nitrogenous  ration  and  an  amino-acid  ration  containing 
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5.62  per  cent  of  a  mixture  of  fifteen  amino-acids — the  most  com- 
plete amino-acid  mixture  tested  in  this  investigation.  Of  the 
amino-acids  commonly  reported  as  occurring  in  proteins,  this 
mixture  lacked  only  serine  and  oxyproline.  This  system  of  feed- 
ing was  continued  for  59  days,  during  which  period  Mouse  33  <? 
decreased  very  gradually  in  weight  from  24.4  to  12.6  gm.,  a  total 
loss  of  over  48  per  cent  of  the  original  weight.  In  the  same  pe- 
riod Mouse  33  9  decreased  in  weight  for  about  35  days  from 
21.7  gm.  to  a  level  of  12  to  13  gm.  This  level  was  maintained 
until  the  amino-acid  ration  was  changed  on  the  59th  day  of  the 
experiment;  that  is,  for  a  period  of  over  3  weeks  the  weight  of 
this  mouse  was  maintained,  though  it  was  evident  from  its  ap- 
pearance that  it  was  not  in  a  good  nutritive  condition.  On  the 
59th  day  of  the  experiment  the  amino-acid  ration  was  changed  to 
one  containing  4  per  cent  of  a  mixture  of  only  eleven  amino-acids; 
i.e.,  lacking  glycocoll,  alanine,  proline,  and  lysine,  as  well  as  serine 
and  oxyproline.  The  effect  of  this  change  was  well  marked  on 
Mouse  33  9 ,  which  declined  in  weight  continuously  until  its 
death  on  the  80th  day  of  the  experiment,  at  a  weight  of  10.1  gm. 
The  total  loss  in  weight  of  this  mouse  amounted  to  53  per  cent 
of  the  initial  weight.  However,  the  change  in  ration  had  no  per- 
ceptible effect  on  Mouse  33  d\  which  continued  its  decline  in 
weight  at  a  uniform  rate  until  its  death  on  the  85th  day  of  the 
experiment.  The  final  Weight  of  this  mouse  was  10.5  gm.  and 
the  total  loss  in  weight  during  the  entire  experiment,  57  per  cent 
of  the  initial  weight.  On  the  77th  day  of  this  experiment  the 
amino-acid  ration  was  changed  to  one  containing  only  ten  amino- 
acids,  as  indicated  on  the  chart. 

A  second  feeding  experiment,  illustrated  by  Chart  II,  was  un- 
dertaken with  the  second  amino-acid  ration  used  in  the  preceding 
experiment;  i.e.,  the  ration  containing  4  per  cent  of  a  mixture  of 
eleven  amino-acids.  On  this  ration,  alternated  with  the  non- 
nitrogenous  ration,  Mouse  32  cf  decreased  in  weight  almost  con- 
tinuously (aside  from  the  fluctuations  caused  by  the  alternation  of 
rations)  from  an  initial  weight  of  21.5  gm.  to  15.5  gm.  on  the 
35th  day.  At  this  point  the  weight  increased  rapidly  for  4  or 
5  days  and  then  decreased  suddenly.  The  mouse  was  found  dead 
in  the  cage  on  the  45th  day  of  observation,  and  was  partially  eaten 
by  Mouse  32  9 .     At  the  time  of  this  sudden  increase  in  weight 


H.  H.  Mitchell 


a 

Mo«*e3Z? 

MggM  Mrf-- — 

1 

5$S 

^--^V. 

rt 

SHtts 

Chart  II.  The  data  Cor  Mice  32  d"  and  32  9  are  presented  in  the 
above  curves  in  a  manner  similar  to  the  data  in  Chart  I.  For  the  period 
up  to  and  including  the  83rd  day  the  amino-acid  ration  used  contained: 
0.25  per  cent  isoleucine,  cystine,  tryptophane,  arginine,  histidine,  valine, 
aspartic  acid,  and  phenylalanine,  0.50  per  cent  leucine  and  tyrosine,  and 
1.00  per  cent  glutamic  acid — a  total  of  4.00  per  eent  of  eleve'n  ami  no- 
acids.  From  the  83rd  day  to  the  end  of  the  experiment  the  amino- 
acid  ration  given  contained:  0.25  per  cent  cystine,  tryptophane,  valine, 
histidine,  and  phenylalanine,  0.50  per  cent  tyrosine,  leucine,  arginine.  and 
asparagine,  and  0.75  per  cent  glutamic  acid — a  total  of  4.00  per  cent  of  a 
mixture  of  ten  ami  no-acids. 


the  mouse  had  a  puffy  unhealthy  appearance,  probably  due  to  an 
accumulation  of  water  in  the  tissues.  During  the  45  days  of  ob- 
servation this  mouse  lost  39  per  cent  of  its  weight.  Mouse  32  9 
decreased  in  weight  regularly,  but  at  a  slower  and  slower  rate; 
from  about  the  60th  to  the  94th  day  the  weight  was  practically 
constant  as  is  indicated  by  fhe  weights  tabulated  Mow: 

WeiRht  of  Mouse  32  9. 
Dtrc/uu  <r» 

55 ....  12-4 

60 13  0 

66 12  4 

70 ...  11  S 

75 12.2 

80 11.7 

86 11.6 

SO 12  3 

95 11.7 

On  the  83rd  day  of  th«-  experiment  the  amino-arid  ration  was 
changed  to  one  containing  4  per  cent  of  a  mixture  of  ten  acids, 
the  lack  of  isoleucine  constituting  the  main  difference  between 
this  and  the  preceding  ration.  On  the  98th  day  of  the  experi- 
ment the  mouse  died  at  a  weight  of  9.8  gm.,  the  total  loss  of  weight 
during  the  entire  experiment  amounting  to  505  per  cent  of  the 
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initial  weight.  The  mouse  was  active  and  appeared  to  p 
normal  appetite  until  the  last  5  or  6  days,  when  it  became  notice- 
ably weak,  assumed  a  very  anemic  appearance,  and  contracted 
some  infection  in  one  eye. 

A  third  mouse,  No.  50  d\  was  put  on  the  ammo-acid  ration 
used  for  the  first  82  days  of  the  experiment  just  described,  fed,  as 
usual,  alternately  with  a  non-nitrogenous  ration.  For  12  days 
immediately  preceding  this  system  of  feeding,  the  mouse  had  been 
on  an  amino-acid  ration  containing  only  2.5  per  cent  of  a  mixture 
of  eight  amino-acids.  Throughout  the  period  of  feeding  on  both 
of  these  rations  the  weight  of  the  mouse  declined  slowly  but 
steadily.  The  rate  of  decline  was  not  apparently  affected  by  the 
change  in  feeding  instituted  on  the  12th  day  of  observation.  On 
the  57th  day  of  the  experiment  the  mouse  died  at  a  weight  of 
12.5  gm.,  having  lost  44  per  cent  of  its  original  weight  (22.5  gm.). 


Chart  III.  The  data  for  Mice  43  9  and  46  a  9  are  presented  in  the 
above  curves  in  a  similar  manner  to  the  data  in  Chart  I.  The  amino-acid 
ration  used  throughout  the  experiment  contained  0.25  per  cent  cystine, 
tryptophane,  valine,  histidine,  and  phenylalanine,  0.50  per  cent  tyrosine, 
leucine,  arginine,  and  asparagine,  and  0.75  per  cent  glutamic  acid — a  total 
of  ten  amino-acids,  accounting  for  4.00  per  cent  of  the  ration. 

In  Chart  III  are  given  the  results  of  an  experiment  on  two  mice 
to  test  the  nutritive  value  of  a  mixture  of  ten  amino-acids,  con- 
stituting 4  per  cent  of  a  ration  that  was  fed  alternately  with  a 
non-nitrogenous  ration.  The  proportions  in  which  each  amino- 
acid  entered  into  the  former  ration  are  as  follows: 


Glutamic  acid 0.75 

Tyrosine 0.50 

Leucine 0.60 

Arginine 0.50 

Asparagine 0.50 


Cystine 0.25 

Tryptophane 0.25 

Valine 0.25 

Histidine 0.26 

Phenylalanine 0.25 

Total 4.00 
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With  this  system  of  feeding  Mouse  46  a  9  decreased  in  weight 
from  17.7  gm.  to  a  level  of  10  to  11  gm.  in  a  matter  of  about  30 
*o  35  days.  This  level  was  maintained  until  the  51st  day  of  the 
experiment  when  the  mouse  was  found  dead  at  a  weight  of  10.2 
gm.;  that  is,  for  a  period  of  about  3  weeks.  Mouse  46  $  decreased 
from  an  initial  weight  of  17.7  gm.  to  a  level  of  10  to  1 1  gm.  in  about 
-40  days.  This  level  was  maintained  with  insignificant  changes 
until  about  the  70th  day  of  observation,  at  which  time  a  rapid 
falling  off  in  weight  occurred  until  the  death  of  the  animal  on  the 
74th  day  at  a  weight  of  8.9  gm.  The  following  weights  of  this 
mouse  illustrate  the  condition  of  practical  maintenance  existing 
from  the  40th  to  the  70th  days: 

Weight  of  Mouse  46  9 . 

-DfffM.  in. 

40 11.0 

45 11 .0 

50 10.6 

55 8.7 

60 10.0 

65 10.0 

70 10.2 

I  n  this  experiment  Mouse  46  a   9   lost  42  per  cent  of  its  initial 
"Weight,  and  Mouse  46  9  lost  almost  exactly  50  per  cent. 
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Chaht  IV.  The  data  for  Mouse  48  d"  are  presented  in  the  above  curves 
i»  a  similar  manner  to  the  data  in  Chart  I.  The  amino-acid  ration  used 
Vhroughout  this  experiment  contained  0.25  per  cent  cystine,  valine,  and 
faistidine,  0.30  per  cent  tryptophane,  0.45  per  cent  arginine,  0.50  per  cent 
leucine,  asparagine,  and  phenylalanine,  and  1.00  per  cent  glutamic  acid — 

a  total  of  4.00  per  cent  of  nine  amino-acids.     It  is  to  be  noted  especially 

that  the  ration  contains  no  tyrosine. 
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In  the  experiments  thus  far  considered,  tryptophane,  tyrosine, 
and  cystine,  the  ammo-acids  known  to  be  indispensable  for  the 
maintenance  of  life,  have  in  all  eases  been  incorporated  in  the 
amino-acid  mixtures  tested.  In  Chart  IV  are  given  the  results  of 
a  feeding  experiment  with  an  amino-acid  ration  containing  0.25 
per  cent  of  cystine,  valine,  and  histidine,  0.30  per  cent  of  trypto- 
phane, 0.45  per  cent  of  arginine,  0.50  per  cent  of  leucine,  aspara- 
gine,  and  phenylalanine,  and  1.00  per  cent  of  glutamic  acid — a 
total  of  4.00  per  cent  of  nine  amino-acids,  among  which  tyrosine 
was  not  included.  On  this  ration,  alternated  with  the  non-nitro- 
genous ration,  Mouse  48  d"  decreased  in  weight  slowly  but  con- 
tinuously from  22.1  gm.  to  a  level  of  13.0  to  13.5  gm.  in  the  course 
of  40  days.  This  level  was  maintained  for  a  period  of  15  to  20 
days,  as  the  following  figures  show: 

Weight  of  Mouse  48  tf. 

41 13 .0 

46 13.2 

50 13.1 

55 13.5 

60 12.6 

From  this  time  ou,  the  weight  decreasd  slowly  until  the  death  of 
the  animal  on  the  72nd  day.  The  final  weight  was  11.0  gm.  and 
the  total  loss  in  weight  amounted  to  50  per  cent  of  the  initial 
weight. 


Chant  V.  The  data  for  Mice  44  o1  and  44a  d"  arc  presented  in  tEe 
above  curves  in  a  similar  manner  to  the  data  in  Chart  I.  The  amino- 
acid  ration  used  throughout  this  experiment  contained  0.25  per  cent  cys- 
tine, valine,  aud  histidine,  0.30  per  cent  tryptophane,  0.45  per  cent  at- 
Kinine,  0.75  per  cent  leucine  and  asparagine,  and  1.00  per  cent  glutamic 
aeid — a  total  of  4.00  per  cent  of  amino-acids.  It  is  to  be  noted  that  this 
ration  contained  only  eight  amino-acids  and.  in  particular,  is  lacking  in 
tyrosine  and  phenylalanine. 
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A  still  less  complete  amino-acid  mixture  than  the  above  was 
tested  in  an  experiment  the  results  of  which  are  given  in  Chart  V. 
The  amino-acid  ration  used  in  this  experiment  contained  0.25  per 
cent  of  cystine,  valine,  and  histidine,  0.30  per  cent  of  tryptophane, 
0.45  per  cent  of  arginine,  0.75  per  cent  of  leucine  and  asparagine, 
and  1.00  per  cent  of  glutamic  acid — a  total  of  4.00  per  cent  of 
amino-acids.  It  is  to  be  noted  that  this  mixture  contains  only  eight . 
amino-acids,  and,  in  particular,  lacks  both  tyrosine  and  phenyla- 
lanine. On  this  ration,  fed  alternately  with  the  non-nitrogenous 
ration,  Mouse  44  a  d"  declined  comparatively  rapidly  from  an 
initial  weight  of  24.0  gm.  to  a  weight  of  11.5  gm.  on  the  42nd  day 
of  feeding.  A  slight  increase  in  weight  preceded  the  death  of 
this  mouse  on  the  49th  day  of  the  experiment  at  a  final  weight  of 
12.6  gm.,  the  total  loss  in  weight  amounting  to  47  per  cent  of  the 
initial  weight.  The  decline  of  Mouse  44  cf  was  much  more 
gradual,  though  continuous,  and  death  ensued  on  the  72nd  day 
of  observation  after  a  loss  of  39  per  cent  of  its  initial  weight. 

The  length  of  time  that  mice  could  be  kept  alive  on  mixtures 
of  only  a  few  amino-acids  not  including  tyrosine  or  even  tyrosine 
and  phenylalanine,  seemed  remarkable.  The  withdrawal  of  tryp- 
tophane, however,  appeared  to  exert  a  distinctly  more  detrimental 
effect.  Three  mice  were  fed  alternately  a  non-nitrogenous  ration 
and  an  amino-acid  ration  containing  0.25  per  cent  of  cystine, 
valine,  histidine,  and  phenylalanine,  0.45  per  cent  of  arginine, 
0.50  per  cent  of  tyrosine,  leucine,  and  asparagine,  and  1.05  per 
cent  of  glutamic  acid — a  total  of  4.00  per  cent  of  nine  amino-acids, 
excluding  tryptophane.  All  three  mice  decreased  continuously  in 
weight.  One  died  on  the  33rd  day  after  a  loss  of  32  per  cent  of 
its  initial  weight  (22.8  gm.);  another  died  on  the  39th  day  of 
feeding,  having  lost  48  per  cent  of  its  original  weight  (20.1  gm.); 
the  third  mouse  died  on  the  44th  day  of  observation,  the  total 
loss  in  weight  amounting  to  44  per  cent  of  its  initial  weight  (22.0 
gm.). 

In  studying  the  series  of  experiments  just  described  on  the  nu- 
tritive value  of  different  mixtures  of  amino-acids,  one  is  struck  by 
the  fact  that,  aside  from  the  mixture  from  which  tryptophane 
was  excluded,  no  clearly  marked  differences  in  nutritive  value 
(with  possibly  one  exception,  mentioned  above)  are  revealed  as 
judged  by  the  rate  of  decline  in  body  weight  or  by  the  compara- 
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tive  longevity  of  the  experimental  animals.  The  different  mix- 
tures were  often  strikingly  different  in  general  make-up,  contain- 
ing from  eight  to  fifteen  amino-acids  in  varying  proportions.  This 
general  similarity  in  body  weight  variations  is  the  more  surprising 
in  view  of  experiments  on  the  feeding  of  isolated  proteins  inade- 
quate for  maintenance  due  to  deficiencies  in  amino-acid  content. 
These  studies  show  that  the  different  proteins  exhibit  more  or 
less  characteristic  effects  on  the  body  weight  of  rats  and  mice. 
For  example,  phaseolin  leads  to  a  slow  decline  in  body  weight, 
zein  to  a  more  rapid  decline,  and  gelatin  to  a  still  more  rapid  de- 
cline. As  regards  the  last  two  proteins,  Wheeler  has  shown29  in 
the  case  of  albino  mice  that  with  zein  one-third  of  the  body  weight 
was  lost  in  25  days,  while  with  gelatin  one-third  was  lost  in  12 
days.  It  is  true  that  the  absence  of  data  of  the  food  intake  pre- 
cludes an  analysis  of  the  exact  significance  of  such  results.  Fur- 
thermore, Osborne  and  Mendel39  have  shown  that  rations  contain- 
ing 2  per  cent  of  proteins  qualitatively  adequate  for  maintenance 
have  rather  distinct  characteristic  effects  on  the  rate  of  decline  of 
rats,  those  containing  edestin,  for  example,  more  nearly  main- 
taining rats  than  those  containing  gliadin  or  glycinine.  Thus,  it 
is  natural  to  expect  that  amino-acid  mixtures  characterized  by 
qualitatively  different  types  of  deficiencies  should  exhibit  dis- 
tinct characteristic  effects,  and  that  such  effects  were  not  pro- 
duced in  the  experiments  reported  here  is  of  interest. 

In  speculating  on  the  causes  of  the  decreases  in  body  weight 
obtained  with  all  of  the  amino-acid  rations,  it  must  be  conceded 
that  probably  in  no  case  was  enough  of  the  amino-acid  mixture 
consumed  to  really  constitute  a  fair  test  of  its  adequacy.  Al- 
though the  favorable  effects  of  feeding  the  amino-acid  rations 
used  in  these  experiments,  not  continuously,  but  alternately  with 
non-nitrogeneous  rations,  seem  evident,  it  seems  to  be  a  fact  that 
this  alternation  of  the  two  types  of  ration,  while  in  most  cases  it 
assured  a  sufficient  calorie  intake,  operated  against  the  attain- 
ment of  a  sufficient  amino-acid  intake,  unless  this  is  much  smaller 
than  has  hitherto  been  supposed. 

It  was  surprising  how  the  experimental  animals  could  differ- 
entiate between  rations  containing  no  added  amino-acids,  and 

"  Wheeler,  J.  Exp.  ZooL,  1913,  xv,  215. 

,0  Osborne  and  Mendel,  J.  Biol.  Chem.,  1915,  xx,  377. 
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Ihose  containing  even  very  small  concentrations  of  amino-acids. 
Inspection  of  Charts  I  to  V  is  sufficient  to  show  that  the  non- 
nitrogenous  rations  were  in  general  consumed  to  a  much  greater 
extent  than  the  rations  containing  6  or  4  per  cent  of  amino-acids. 
Even  in  the  case  of  rations  containing  2.5  per  cent  of  amino-acids 
the  same  marked  difference  in  intake  has  been  observed.  It 
seems  impossible  that  this  distinction  could  have  been  made  on 
the  basis  of  a  difference  in  taste. 

In  order  to  be  in  a  position  to  appreciate  fully  the  above  experi- 
ments, feeding  tests  were  made  on  seven  mice  using  the  non- 
nitrogenous  ration  only,  containing  28  per  cent  of  the  modified 
€i  protein-free  milk."  In  all  of  these  tests  the  mice  decreased 
steadily  in  weight  until  death,  though  the  periods  of  survival  were 
different,  as  Table  I  shows. 

TABLE  I. 

Records  of  Mice  on  Non-Nitrogenous  Ration* 


Mouse. 

Period  of  survival. 

Initial  weight. 

Final  weight. 

Total  loss  in  weight 
in  per  cent  of 
initial  weight. 

days 

gin. 

QTTX. 

per  cem 

48  9 

63 

19.9 

11.1 

44 

43  o" 

38 

26.1 

11.3 

57 

43  9 

13 

20.0 

11.8 

41 

80  d" 

44 

27.6 

14.2 

49 

80a  o* 

30 

24.4 

15.9 

35 

81  & 

40 

24.9 

11.9 

52 

81a  o" 

36 

22.6 

12.0 

47 

*  This  ration  consisted  of  sucrose  10  per  cent,  starch  34  per  cent,  modi- 
fied protein-free  milk  28  per  cent,  lard  10  per  cent,  and  butter  fat  18  per 
cent. 

It  is  evident  from  the  results  reported  in  this  table  that  the 
periods  of  survival  of  the  mice  on  the  non-nitrogenous  ration  were 
distinctly  less  than  the  periods  of  survival  of  the  mice  in  the  more 
successful  feeding  experiments  with  the  amino-acid  and  non- 
nitrogenous  rations  fed  alternately.  Aside  from  the  exceptional 
behavior  of  Mouse  48  9 ,  the  survival  periods  of  the  mice  on  the 
non-nitrogenous  rations  are  rather  strikingly  similar  to  the  sur- 
vival periods  of  the  mice  on  the  amino-acid  ration  not  containing 
tryptophane;  i.e.,  33,  39,  and  44  days. 
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That  the  longer  survival  of  mice  receiving  amino-acids  in  their 
food  as  compared  with  mice  receiving  no  amino-acids  was  not  due 
to  a  more  liberal  consumption  of  food  is  shown  in  Table  II,  in 
which  the  average  daily  consumption  of  food  per  100  gm.  of  body 
weight  for  successive  10  day  periods  is  given  (1)  for  the  amino- 
acid  experiments  graphically  represented  in  Charts  I  to  V,  and 
(2)  for  the  feeding  experiments  with  the  non-nitrogenous  ration 
just  described.  In  the  former  case,  the  averages  include  both  the 
amino-acid  and  non-nitrogenous  ration,  which  were  of  approxi- 
mately equal  energy  value. 

TABLE  II. 

The  Average  Daily  Food  Consumption  per  100  Gm.  of  Body  Weight  for  Succes- 
sive W  Day  Periods  in  Feeding  Experiments  (1)  with  Amino-Acid 
Rations,  (2)  with  the  Non-Nitrogenous  Ration  Only,  and  (5) 
with  an  Asparagiiie  Ration.    Results  Expressed  in  Gm. 


10 
day 

Amino-acid  experiments. 

Non-nitrogenous  experiments. 

Aaparagine 
experiments. 

riod. 

33  o* 
and 
33  9 

32  <? 
and 
32  9 

46  9 

and 

46a  9 

48  c? 

44  tf 

and 

44a  <? 

48  9 

43  d" 
and 
43  9 

80  <? 

and 

80a  d" 

81  cf 

and 

81a  <? 

82  c? 

84  9 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

6.5 
7.9 
8.1 
8.1 
6.9 
6.6 
5.2 
5.8 

9.9 
11.0 

8.3 
7.0 
9.0 
9.6 
8.0 
9.3 
8.9 
5.3* 

9.5 
8.8 
8.0 
7.1 
7.6 
5.9 
5.7 

11.5 
12.2 
12.2 
13.5 
13.5 
9.8 
10.5 

6.1 
6.9 
7.3 
5.6 
5.0 
8.5 
7.2 

10.6 
11.6 
8.1 
9.5 
7.3 
8.6 

9.7 
9.3 

14.6 
15.6 
13.5 
11.1 

16.9 
15.8 
14.2 

9.2 
8.5 
8.9 
7.6 
9.0 

8.3 
9.1 
5.4 
4.7 

*  Average  for  8  days  only. 

In  the  last  two  columns  of  Table  II  are  given  the  average  daily 
food  consumption  for  two  mice  on  a  ration  containing  10  per 
cent  asparagine,  10  per  cent  sucrose,  24  per  cent  starch,  28  per 
cent  modified  protein-free  milk,  10  per  cent  lard,  and  18  per 
cent  butter  fat.  On  this  ration  Mouse  84  9  lived  for  44  days, 
losing  56  per  cent  of  its  original  weight,  while  Mouse  82  cf  lived 
for  57  days,  with  a  total  loss  of  50  per  cent  of  the  initial  weight. 

It  can  hardly  be  said  that  the  asparagine  ration  was  more 
successful  than  the  non-nitrogenous  ration  as  regards  the  period 
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of  survival.    However,  it  seems  fairly  conclusive  that  the  amino- 
scid  experiments  as  a  whole  were  much  more  successful  in  this 
xegard  than  the  experiments  involving  the  feeding  of  the  non- 
znitrogenous  ration,  and  that  this  difference  in  nutritive  efficiency 
cannot  be  explained  by  a  more  liberal  consumption  of  food  in 
"the  amino-acid  experiments;  in  fact,  the  reverse  was  more  truly 
"the  case.     It  seems,  therefore,  that  many  of  the  amino-acid  mix- 
tures fed  were  utilized  by  the  mice  in  some  way  in  preserving  in- 
tact the  normal  functioning  of  the  tissues,  possibly,  as  has  been 
suggested,  by  furnishing  the  necessary  precursors  for  the  elabo- 
ration of  the  active  constituents  of  the  internal  secretions,  even 
"though  such  mixtures  were  not  sufficiently  complete  to  make 
possible  the  synthesis  of  protein.     These  results,  therefore,  con- 
firm the  belief,  rapidly  gaining  ground,  that  some  if  not  all  of  the 
amino-acids  occurring  in  combination  in  the  protein  molecule 
liave  specific  functions  in  the  animal  economy  aside  from  the 
function  of  serving  simply  as  structural  units  in  the  elaboration 
of  the  body  proteins. 

According  to  the  generally  accepted  theories  of  protein  metabo- 
1  ism,  a  protein  inadequate  for  maintenance,  such  as  zein  or  gela- 
tin, that  is,  a  protein  totally  deficient  in  one  or  more  of  the  amino- 
scids  that  are  necessary  for  the  construction  of  body  protein  be- 
cause it  cannot  be  synthesized  by  the  body,  would  be  of  no  use 
in  metabolism  except  as  a  source  of  energy.  However,  Mc- 
d^ollum31  has  shown  that  the  pig 

*  '  can  utilize  the  nitrogen  of  zein  very  efficiently  for  repair  of  the  losses  due 
"to  endogenous  or  tissue  metabolism.  The  average  utilization  of  zein  ni- 
trogen was  about  80  per  cent,  for  gelatin  50  to  60  per  cent.  No  evidence 
>?va8  obtained  of  the  formation  of  additional  body  tissue  from  zein,  even 
'when  the  latter  was  fed  in  great  excess  over  the  maintenance  needs  of  the 
animals." 

In  other  words,  assuming  a  constant  endogenous  metabolism, 
these  percentages  of  the  nitrogen  of  zein  and  gelatin  were  retained 
by  the  animals  and  apparently  utilized  for  some  purpose  other 
than  the  construction  of  protein  tissue.  Similarly,  Henriques 
and  Hansen32  have  shown  that  the  protamine  clupein,  consisting 

,l  McCollum,  E.  V.,  Wisconsin  Agric.  Exp.  Station,  Research  Bull.  21, 1912. 
"  Henriques  and  Hansen,  Z.  physiol.  Chem.,  1906,  xlix,  113. 
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of  arginine  to  the  extent  of  about  82  to  83  per  cent,  was  inade- 
quate for  maintenance  of  the  white  rat,  but  that  its  nitrogen  was, 
nevertheless,  utilized  to  some  extent  in  metabolism.  Recently 
Abderhalden4  has  reported  experimental  results  tending  to  show 
that,  if  mice  are  subjected  to  protein  starvation,  while  receiving 
plenty  of  the  non-nitrogenous  nutrients,  and  if  in  an  immediately 
following  period,  alanine  or  glycocoll  is  added  to  the  basal  ration, 
these  amino-acids  effect  a  reduction  of  the  nitrogen  loss  of  the 
first  period,  indicating  a  specific  utilization  of  these  nitrogenous 
nutrients,  even  when  fed  singly. 

Similarly,  the  results  of  the  experiments  of  this  paper  show  that 
mice  survive  longer  on  the  feeding  of  incomplete  mixtures  of 
amino-acids  added  to  a  basal  ration  of  non-nitrogenous  nutrients, 
than  on  the  feeding  of  the  non-nitrogenous  nutrients  alone.  The 
most  successful  experiments  of  the  former  type  extended  over 
periods  75  to  100  per  cent  longer  than  the  more  representative 
experiments  of  the  latter  type.  It  appears,  therefore,  that  the 
requirements  of  the  animal  organism  for  amino-acids  resemble 
its  requirement  for  inorganic  ions,  in  that  for  the  maintenance 
of  life  over  long  periods  of  time  a  complete  assortment  both  of 
amino-acids  and  mineral  elements  is  essential,  while  at  the  same 
time  each  essential  amino-acid  and  mineral  element  has  a  specific 
function  in  metabolism.  Thus,  incomplete  mixtures  of  either 
amino-acids  or  mineral  elements  will  partially  cover  the  body's 
requirements  in  the  proportion  of  their  completeness,  though  the 
elaboration  of  new  tissue,  and  probably  the  efficient  repair  of  old 
tissue,  will  be  impossible  in  the  absence  of  only  one  of  the  essen- 
tial constituents. 

SUMMARY   AND    CONCLUSIONS. 

1.  Experiments  are  reported  in  this  paper  in  which  mice  have 
been  kept  alive  for  70  to  98  days  by  feeding  alternately  (1) 
rations  containing  4  to  6  per  cent  of  various  mixtures  of  isolated 
amino-acids,  6  to  4  per  cent  sucrose,  34  per  cent  starch,  28  per 
cent  protein-free  milk  (prepared  either  according  to  the  procedure 
of  Osborne  and  Mendel  or  to  a  modification  of  this  procedure 
described  in  the  text),  10  per  cent  lard,  and  18  per  cent,  butter 
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fat,  and  (2)  a  ration  containing  10  per  cent  sucrose,  with  other 
constitutents  in  the  same  proportion  as  in  the  first  mentioned 
rations.  In  many  of  these  experiments  periods  of  15  to  35  days' 
duration  have  been  observed  in  which  the  mice  practically 
maintained  their  weight. 

2.  The  alternate  feeding  of  an  ammo-acid  ration  and  a  non- 
nitrogenous  ration  (except  for  the  nitrogen  present  in  the  protein- 
free  milk)  induced  a  better  total  consumption  of  food  than  feed- 
ing with  an  amino-acid  ration  alone,  and  in  all  other  respects 
led  to  more  successful  results.  However,  it  is  probable  that  in 
no  case  was  the  amino-acid  intake  sufficiently  large  to  assure  a 
fair  test  of  its  adequacy. 

3.  Amino-acid  rations  containing  no  added  tyrosine,  or  no 
added  tyrosine  and  phenylalanine,  did  not  give  appreciably  dif- 
ferent results  from  rations  containing  these  ammo-acids.  How- 
ever, if  tryptophane  was  absent  from  an  amino-acid  ration,  the 
period  of  survival  of  mice  fed  this  ration  alternately  with  thfe 
non-nitrogenous  ration  was  noticeably  shorter  than  the  periods 
of  survival  of  mice  kept  on  rations  containing  added  tryptophane. 

4.  Mice  could  be  kept  for  much  longer  periods  of  time  on 
rations  containing  mixtures  of  amino-acids,  including  trypto- 
phane, fed  alternately  with  the  non-nitrogenous  basal  ration,  than 
when  fed  the  basal  ration  alone.  Furthermore,  this  difference  in 
survival  cannot  be  accounted  for  by  a  difference  in  energy  in- 
take. This  fact  has  been  interpreted  as  meaning  that  at  least 
some  of  the  amino-acids  have  specific  functions  in  metabolism 
aside  from  that  of  serving  simply  as  material  for  the  synthesis  of 
body  protein.  Other  evidence  from  the  literature  is  cited  in 
support  of  this  view,  which  is  substantially  the  same  as  that 
recently  and  tentatively  put  forward  by  Osborne  and  Mendel. 

In  conclusion  I  wish  to  acknowledge  the  general  supervision 
of  this  work  by  Professor  H.  S.  Grindley,  and  the  aid  which  his 
suggestions  have  contributed.  The  assistance  of  Mr.  Anton 
Prasil  and  Mr.  R.  A.  Nelson  in  the  work  of  preparing  and  syn- 
thesizing the  amino-acids  used,  is  also  appreciated. 
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In  1898  Steinitz  noted  that  the  ingestion  of  raw  egg-white  by 
dogs  was  followed  by  vomiting  and  diarrhea.  This  interesting 
observation  appears  to  have  passed  almost  unnoticed,  although 
no  other  native  proteins  are  known  to  give  rise  to  such  digestive 
disorders.  When  these  same  facts  were  observed  by  Mendel  and 
Lewis  in  1913,  their  possible  bearing  on  the  wide  spread  use  of 
raw  eggs  in  various  diets,  especially  by  the  sick,  prompted  the 
following  study. 

The  Behavior  of  Egg-While  in  the  Alimentary  Trad. 

Experiments  with  Dogs. 

Native  Egg-White. — Uncooked  egg-white  fed  in  any  large  quan- 
tity to  dogs  invariably  caused  diarrhea  of  more  or  less  severity. 
The  feces  were  soft,  pasty,  or  liquid  depending  upon  the  amount 
of  material  ingested  and  upon  the  individual  susceptibility  of 
the  subject.  The  more  liquid  stools  were  light  in  color,  and  of 
very  offensive  odor.  Many  of  them  contained  much  mucus, 
and  residues  of  unchanged  egg-white  and  of  other  foodstuffs. 
Upon  standing  the  surface  dried  rapidly  so  as  to  assume  a  glazed 
or  varnished  appearance.  Water  extracts  of  the  feces,  when 
boiled,  yielded  varying  amounts  of  coagulated  protein  material. 
The  coagulation  temperature  varied  from  68-73°.  When*  an 
equal  volume  of  saturated  ammonium  sulfate  solution  was  added 
to  the  extract,  the  latter  became  turbid,  but  the  grayish  precip- 
itate contained  only  a  trace  of  protein.  The  addition  of  acid  or 
of  more  saturated  ammonium  sulfate  solution  to  the  filtrate  caused 
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the  formation  of  heavy  precipitates  which  acted  like  ovalbumin. 
The  substance,  however,  could  not  be  obtained  in  crystals.  The 
protein  in  the  feces,  then,  appeared  to  be  unchanged  egg-white. 
The  stools  of  firmer  consistency  contained  less  coagulable  mate- 
rial than  those  which  were  liquid  or  semi-liquid.  Even  the  ap- 
parently formed  stools  sometimes  yielded  small  amounts  of  pro- 
tein upon  extraction.  In  this  connection  Tsuchiya's  (1909) 
statement  that  albumin  is  never  found  in  real  formed  feces  but 
is  usually  associated  with  diarrhea  is  pertinent. 

After  eating  meals  containing  enough  raw  egg-white  to  induce 
diarrhea,  the  subjects  usually  lost  weight  to  the  extent  of  from 
0.25  to  0.6  kilo,  or  from  3  to  8  per  cent  of  the  body  weight.  Some 
of  the  dogs  remained  stationary  in  weight,  but  none  Showed  an 
increase  in  this  respect. 

'Vomiting  only  rarely  occurred  in  consequence  of  ingesting 
native  egg-white  and  then  only  after  the  larger  amounts.  The 
ejected  material  was  practically  unchanged  by  its  stay  in  the 
stomach. 

In1  a  few  cases  small  intestinal  hemorrhages  were  noticed, 
pointing  to  irritation  of  the  intestinal  mucosa.  This  occurred 
only  after  several  days'  feeding  of  the  raw  food  or  after  much 
straining  at  stool. 

These  abnormal  conditions  ceased  promptly  upon  substitut- 
ing meat  or  "dog  biscuit' '  for  the  egg-white  and  could  be  called 
forth  again  by  the  reverse.  In  no  case  was  there  any  "hang- 
over" effect.  Indeed  the  cessation  of  egg-white  meals  was  usu- 
ally followed  by  constipation.  The  digestive  disturbances  which 
result  from  feeding  dogs  native  egg-white  are,  therefore,  caused 
directly  by  this  substance. 

Urine,  obtained  by  catheterization  on  those  days  when  the  ani- 
mals had  diarrhea,  usually  gave  negative  results  when  tested  for 
albumin;  but  occasionally  small  amounts  were  found  present. 
These  samples  of  urine  also  contained  very  little  indican,  due 
no  doubt  to  the  rapid  emptying  of  the  gut. 

Amount  of  Egg  Necessary  to  Produce  Diarrheal  Symptom*. — 
The  effects  produced  by  the  egg-white  were  roughly  proportional 
to  the  amounts  ingested.  With  dogs  of  5.5  to  7  kilos  in  weight 
the  white  of  one  egg  causes  no  or  little  effect,  two  eggs  may  cause 
softening  of  the  feces,  three  cause  marked  softening,  and  four  or 
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five  induce  more  or  less  severe  diarrhea.  The  last  symptom,  then, 
is  brought  about  by  the  ingestion  of  1  to  1.5  gm.  of  native  egg- 
white  per  kilo  of  body  weight.  This  figure  is  lower  for  the  heavier 
animals  since  dogs  weighing  from  10  to  12  kilos  may  develop 
diarrhea  by  eating  the  whites  of  five  to  seven  eggs.  There  is 
much  variation  in  the  sensitiveness  of  the  subjects,  however;  for 
a  large  dog  may  be  more  easily  affected  than  a  small  one  by  the 
same  amount  of  protein. 

Other  Factor 8. — Diarrhea  followed  the  ingestion  of:  (1)  native 
egg-white  unmixed  with  other  foodstuffs;  (2)  native  egg-white 
beaten  with  milk;  (3)  raw  egg-white  thoroughly  mixed  with 
cracker-meal  and  lard;  (4)  raw  egg-white  thoroughly  mixed  with 
cracker-meal  and  lard  and  well  flavored  with  extract  of  beef. 
The  first  two  types  of  meal  produced  the  laxative  effect  more 
quickly  than  the  other  two,  the  stools  being  passed  in  8  to  12  and 
12  to  20  hours  respectively.  The  presence  of  a  secretagogue 
such  as  meat  extract  in  fairly  large  amount  had  no  effect  on  the 
time  of  appearance  or  on  the  severity  of  the  diarrhea.  When  a 
meal  containing  the  whites  of  four  or  five  eggs  was  divided  into 
three  portions  which  were  fed  to  the  dog  several  hours  apart,  the 
abnormal  stool  was  later  in  appearing  than  when  the  meal  was 
eaten  all  at  the  same  time,  and  the  diarrhea  usually  not  so  exten- 
sive. Conversely,  if  three  of  four  egg-whites  were  fed  at  each 
meal  several  liquid  stools  were  passed  each  day. 

Tolerance. — It  was  noticed  that  when  the  raw  protein  was  fed 
for  several  days  in  succession  its  ill  effects  gradually  waned. 
The  time  necessary  for  the  abatement  of  the  diarrheal  action 
varied  from  3  to  5  days.  If  then  the  ingestion  were  continued, 
there  succeeded  a  period  of  alternate  days  of  diarrhea  and 
constipation  after  which  time  the  egg  ceased  to  exert  any  marked 
action.  The  tolerance  thus  developed  lasted  for  a  short  time 
even  after  the  feeding  of  the  uncooked  material  was  discontinued. 
These  facts  are  brought  out  in  the  following  typical  protocol. 

Dog  1,  a  healthy  terrier  bitch  weighing  6.52  kilos,  received  every  day  a 
meal  containing  the  whites  of  four  raw  eggs  well  mixed  with  60  gm.  of 
cracker-meal  and  20  gm.  of  lard.  On  the  1st  day  this  caused  severe  diar- 
rhea with  a  fall  in  weight  to  6.31  kilos.  On  the  2nd  day  the  diarrhea  con- 
tinued and  the  animal  vomited  some  of  the  meal — one  of  the  rare  cases 
when  this  happened.    The  weight  fell  to  5.96  kilos.    The  stool  on  the  3rd 
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day  consisted  of  a  smaller  amount  of  semi-liquid  feces.  No  further  vomit- 
ing occurred  but  the  weight  fell  to  6.9  kilos.  On  the  4th  day  the  pasty 
feces  were  much  smaller  in  bulk  while  the  weight  rose  slightly.  This 
improvement  was  followed  on  the  5th  day  by  rather  bad  diarrhea  but  the 
weight  was  not  changed  and  after  this  time  there  was  no  further  loss  in 
weight.  The  feces  of  the  6th  day  were  small  in  amount  and  pasty.  On 
the  next  2  days  no  feces  were  passed.  The  Oth  day's  stool  consisted  of  a 
large  amount  of  fairly  formed  feces.  On  the  10th  day  no  fecal  matter  was 
passed.  The  quantity  of  egg  given  was  now  increased  to  five  whites  but 
notwithstanding  this  the  next  2  succeeding  days  showed  well  formed  feces. 
On  the  13th  day  the  stool  was  small  and  somewhat  pasty  while  it  was  well 
formed  again  on  the  next  day.  At  this  point  the  subject  was  put  on  a  meat 
diet  for  2  days.  Then  a  meal  containing  the  whites  of  five  eggs  failed  to 
cause  diarrhea.  After  2  days  more  of  meat  diet,  however,  the  whites  of 
four  eggs  in  the  meal  brought  forth  a  liquid  stool.  In  one  subject  this 
period  of  induced  "immunity"  lasted  for  12  days. 

This  tolerance  recalls  that  acquired  by  the  dogs  subjected  to 
peritoneal  injections  of  raw  egg-white  as  observed  by  Cramer 
(1908).  He  found  that  the  protein  was  partly  used  and  partly 
excreted  in  the  urine.  The  quantity  utilized  rose  gradually  after 
repeated  injections.  Hamburger  (1902)  and  Oppenheimer  (1904) 
have  observed  this  as  well.  That  all  proteins  do  not  appear  in 
the  urine  after  injection  intraperitoneally  was  shown  by  Mendel 
and  Rockwood  (1905)  who  found  that  edeetin  and  excelsin  were 
not  excreted  by  the  kidneys  after  introduction  in  this  way. 

Utilization. — The  finding  of  unchanged  egg-white  in  the  diar- 
rheal feces  showed  this  foodstuff  to  be  poorly  utilized.  The  ex- 
tent to  which  it  was  used  was  roughly  shown  by  extracting  the 
24  hour  feces  with  cold  water,  boiling  this  extract,  and  drying 
the  coagulated  material.  The  feces  were  made  easier  to  handle 
by  adding  bone-ash  to  the  meals  and  the  feces  of  one  period  were 
marked  off  from  those  of  another  with  lamp-black.  After  the 
ingestion  of  four  to  five  egg-whites  containing  15  to  19  gm.  of 
protein,  from  30  to  50  per  cent  of  this  could  be  recovered  as  coag- 
ulum.  The  latter,  of  course,  contained  varying  amounts  of  oc- 
cluded substances.  More  exact  estimates  of  utilization  were 
furnished  by  determining  the  amount  of  nitrogen  in  the  feces  by 
the  Kjeldahl  method.  This  is  open  to  the  objection  that  a  por- 
tion at  least  of  the  fecal  nitrogen  is  not  derived  from  the  undi- 
gested foods  but  is  contained  in  unadsorbed  material  of  the  in- 
testinal secretion  and  in  epithelial  cells  from  the  intestinal  tract. 
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According  to  Hammerl,  Kermanner,  Moeller,  and  Prausnitz  (1897) 
and  Tsuboi  (1897)  a  large  part  of  the  nitrogen  in  the  feces  comes 
from  these  sources.  Still  another  portion  may  be  derived  from 
the  organisms  living  in  the  alimentary  canal,  for  Osborne  and 
Mendel  (1914)  have  shown  that  a  not  inconsiderable  part  of  the 
feces  may  consist  of  bacterial  residues.  But  while  the  method 
does  not  show  the  exact  amount  of  material  digested,  the  figures 
so  obtained  do  serve  to  show  the  relative  degree  of  utilization. 
The  following  protocols  are  typical. 

TABLE  I. 

Utilization  of  Raw  Egg-White  by  Dog  1. 


Food. 

Nitrogen. 

Utilisation. 

Day. 

In  food. 

In  feces. 

1 

Meat 

gm. 

2.50 
2.50 
2.50 
2.42 
2.42 
2.50 

gm. 

0.13 
0.12 
0.13 
1.22 
1.07 
0.17 

per  cent 

94.7 

2 

u 

95.2 

3 

« 

94.8 

4 

5 
6 

Raw  egg-white 

«       «       it 

Meat 

49.8 
56.0 
93.1 

TABLE  II. 

Utilization  of  Raw  Egg-White  by  Dog  2. 


Food. 

Nitrogen. 

Utilisation. 

Day. 

In  food. 

In  feces. 

1-3 

Meat 

gm. 

9.04 
3.16 
3.18 

gm. 

0.33 
1.20 
1.28 

per  cent 

96.3 

4 

5 

Raw  egg-white 

«       a       u 

62.0 
59.5 

TABLE  III. 
Utilization  of  Raw  Egg-White  by  Dog  4, 


Food. 

Nitrogen. 

Utilisation. 

Day. 

In  food. 

In  feces. 

1 
2 

Raw  egg-white 

Meat 

gm. 

3.21 
3.05 

gm. 

1.06 
0.13 

per  cent 

69.0 
95.8 
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TAB^E  IV. 
Utilization  of  Raw  Egg-White  by  Dog  6. 


Food. 

Nitrogen. 

Utilisation. 

Day. 

.   In  food. 

In  feces. 

1 

Meat 

gm. 

3.06 
2.97 

gm. 

0.11 
1.23 

per  cent 

97.2 

2 

Raw  egg-white 

58.6 

Native  egg-white,  then,  was  poorly  made  use  of  by  these  dogs, 
since  from  30  to  50  per  cent  of  the  amount  ingested  was  wasted 
by  being  ejected  with  the  feces.  When  Mendel  and  Lewis  (1913) 
fed  this  material  to  dogs  only  about  half  of  the  nitrogen  in  the 
meals  appeared  in  the  urine  for  the  following  24  hours  as  con- 
trasted with  almost  all  when  meat,  casein,  edestin,  and  other  pro- 
teins  replaced  the  egg-white.  Steinitz  (1898)  reported  unchanged 
egg-white  in  the  feces  in  considerable  quantity  but  does  not  state 
the  figures.  Vogt  (1906)  and  Falta  (1906)  found  that  the  nitro- 
gen in  uncooked  egg-white  superimposed  upon  a  standard  diet 
was  excreted  much  more  slowly  in  the  urine  than  that  ingested 
in  the  form  of  other  proteins.  The  former  ascribes  this  to  a 
slower  rate  of  digestion  and  the  latter  to  the  longer  time  neces- 
sary to  catabolize  the  larger  cleavage  products  which  he  supposes 
adsorbed.  Both  explanations  are  fundamentally  the  same — the 
native  egg-white  resists  digestive  processes. 

After  the  dogs  had  grown  to  tolerate  the  egg-white  better,  the 
utilization  was  better  as  well.  For  example,  the  feces  passed  by 
the  subject  described  in  the  protocol  under  "tolerance"  on  the  9th 
and  12th  days  were  analyzed  for  nitrogen  with  results  shown  in 
the  following  table. 

TABLE  V. 

Improvement  of  Utilization  with  Tolerance. 


Day. 

Food. 

Nitrogen. 

Utilisation. 

In  food. 

In  feces. 

9 
12 

Raw  egg-white 

u       it       « 

gm. 

2.46 
3.15 

gm. 

0.39 
0.42 

per  cent 

84.3 
86.7 

W.  G.  Bateman 


269 


Dried  Egg-White. — The  material  was  prepared  by  drying  native 
egg-white  in  the  air  at  temperatures  below  50°.     15  to  20  gm. 
of  the  dry  powder  dissolved  in  water  and  fed  in  the  usual  meal  of 
cracker-dust  and  lard  were  as  active  in  causing  diarrhea  as  the 
raw  egg-white  itself.    This  was  also  true  with  the  subjects  of 
Mendel  and  Lewis  who  consider  the  dried  egg-white  dissolved  in 
water  as  equivalent  to  the  original  material.     Neither  was  the 
utilization  of  the  egg-white  improved  by  drying.     Several  sam- 
ples were  kept  at  a  temperature  of  about  40°  for  periods  varying 
from  3  to  7  days,  but  this  again  made  little  difference  in  their 
digestibility.     Falta  (1906)  made  experiments  using  desiccated 
material  and  found  in  three  cases  a  utilisation  of  80  per  cent,  80 
per  cent,  and  61  per  cent  respectively,  while  the  same  dogs  used 
almost  100  per  cent  of  casein  and  gelatin.     The  method  used  by 
Falta  was  that  of  superimposition.    The  feces  were  usually  not 
analyzed  but  one  dog  was  noted  as  having  diarrhea.     LeClerc 
and  Cook  (1906),  in  the  course  of  work  on  another  topic,  fed  to 
a  dog  meals  containing  dried  albumin,  cracker-dust,  and  lard 
together    with    sodium    phosphate.     They    give    the    following 
figures: 

TABLE  VI. 

Nitrogen  Balance  on  Diet  Containing  Egg-White  (LeClerc  and  Cook). 


^Experiment. 

Nitrogen. 

Utilisation. 

In  food. 

In  urine. 

In  feces. 

Balance. 

f 

gm. 

gm. 

gm. 

gm. 

per  cent 

1 

16.72 

9.55* 

9.90 

-1.73 

40  8 

2 

16.71 

10.89 

6.18 

-0.37 

63.0 

3 

17.52 

6.62 

13.85 

-3.05 

21.0 

For  the  first  and  third  experiments  practically  all  the  nitrogen 
^was  supplied  in  the  form  of  egg-white,  while  for  the  second,  half 
ivas  in  this  form  and  half  in  egg-yolk.  The  differences  in  the 
balance  and  utilization  are  striking.  On  the  last  day  it  will  be 
noted  that  the  nitrogen  in  the  feces  was  over  twice  that  in  the 
urine.  These  results  may  be  compared  with  those  given  later 
in  this  paper. 

To  determine  what  effect  standing  might  have  on  the  dried 
egg-white,   experiments   were   made   with   commercial   albumin 
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which  had  been  in  the  laboratory  for  some  years.  This  caused 
diarrhea  although  not  so  severe  as  that  induced  by  either  the 
native  or  freshly  dried  protein.  Its  activity  was  not  further 
diminished  by  being  exposed  to  bright  light  for  2  months.  The 
dogs  showed  considerable  ability  to  overcome  the  effects  of  this 
substance.     The  following  describes  a  typical  case. 

Dog  4  was  a  healthy  terrier  bitch  weighing  6.3  kilos.  Its  daily  meal 
consisted  of  60  gm.  of  cracker-dust,  20  gm.  of  lard,  and  15  gm.  of  commer- 
cial egg-albumin  dissolved  in  150  cc.  of  water.  On  the  1st  day  severe 
diarrhea  developed  and  the  utilization  of  the  protein  was  only  76  per  cent. 
Next  day  the  diarrhea  was  much  less  extensive  but  the  weight  of  the  sub- 
ject had  fallen  to  6  kilos.  On  the  3rd  day  no  feces  were  passed  but  the  quan- 
tity on  the  4th  day  was  large  while  the  consistency  was  pasty.  The  utili- 
zation was  now  82  per  cent.  On  the  5th  day  there  was  only  a  small  quan- 
tity of  feces  and  this  was  true  of  the  7th  day  as  well.  On  the  alternate 
days — 6th  and  8th — the  feces  were  large  in  quantity  and  on  the  last  named 
day  better  formed.  The  utilization  had  risen  to  86.5  per  cent.  The  native 
egg-white  and  the  commercial  product  act,  then,  in  much  the  same  manner. 

In  still  other  experiments  the  dried  egg-white  was  fed  without 
previous  hydration  or  solution,  only  enough  water  being  added 
to  the  meal  to  make  it  eatable.  In  these  cases  diarrhea  did  not 
generally  occur.  Water  was  left  in  the  cages  but  no  more  was 
taken  than  usual.  The  quantity  of  urine  was  diminished  and 
indican  was  usually  present  in  notable  amounts.  The  feces  were 
delayed,  sometimes  not  being  passed  until  23  to  25  hours  after 
the  meal.  When  finally  passed  they  were  soft,  unformed,  of 
strong  odor,  and  contained  much  mucus.  The  utilization  was 
better  than  in  the  previous  experiments,  since  it  was  generally 
above  80  per  cent.  In  a  few  cases,  however,  diarrhea  did  result 
from  dried  egg-white  fed  in  this  way. 

Cooked  Egg-White. — When  dogs  ate  the  well  cooked  whites  of 
four  to  six  eggs  they  did  not  display  the  ill  effects  attending  the 
use  of  the  same  quantities  of  uncooked  egg-white.  Moreover, 
the  cooked  material  was  as  effective  in  stopping  the  diarrhea 
caused  by  the  raw  eggs  as  was  meat.  The  utilization  was  very 
good,  being  in  the  neighborhood  of  90  per  cerit,  as  shown  below. 
The  marked  difference  in  the  metabolism  of  the  same  substance 
cooked  on  the  one  hand  and  raw  on  the  other  is  brought  out  in 
the  following  tables. 
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Meal. 

Nitrogen. 

>^ 

1 

Utilisation. 

In  food. 

In  urine. 

In  feces. 

Balance. 

gm. 

gm. 

gm. 

gm. 

per  cent 

1 

Cooked    egg-white, 

cracker,  lard 

3.76 

3.20 

0.33 

+0.23 

91.2 

2 

« 

3.76 

2.91 

0.39 

+0.46 

89.6 

3 

Raw    egg-white, 

cracker,  lard 

3.81 

3.10 

1.87 

—  1.16 

51.0 

4 

u 

3.74 

3.27 

1.31 

-0.84 

62.2 

5 

Cooked    egg-white, 

• 

cracker,  lard 

3.76 

3.15 

0.43 

-0.18 

88.5 

TABLE  VIII. 
Nitrogen  Balance  of  Dog  6. 


Meal. 

Nitrogen. 

• 

Utilisation. 

Q 

In  food. 

In  urine. 

In  feces. 

Balance. 

gm. 

gm. 

gm. 

gm. 

per  cent 

1 

Cooked    egg-white, 

cracker,  lard 

4.32 

3.95 

0.43 

-0.06 

90.0 

2 

Raw   egg-white, 

cracker,  lard 

4  36 

3.17 

1.81 

-0.72 

58.5 

3 

Cooked  egg-white. . . 

4.32 

4.00 

0.44 

+0.12 

89.8 

It  will  be  seen  that  the  cooked  egg-white  was  not  so  well  util- 
ized as  meat.  For  this  two  factors  other  than  the  nature  of  the 
foodstuff  may  be  responsible.  One  is,  that  the  dogs  were  fed 
generously  which  led  as  usual  to  more  waste;  and  the  other  is 
the  presence  in  the  meal  of  bone-ash,  for  Mendel  and  Fine  (1912) 
have  demonstrated  that  even  small  amounts  of  indigestible  sub- 
stances in  the  food  cause  a  poorer  use  of  protein.  Kolpakcha 
(1888)  found  egg-white  to  be  excellently  utilized  by  dogs — 95 
per  cent  or  better — even  when  large  amounts  were  ingested. 
Although  not  specifically  stated  so,  the  material  was  probably 
cooked.  Steinitz  (1898),  on  the  contrary,  states  that  consider- 
able quantities  of  coagulated  egg-white  were  passed  in  the  feces 
of  dogs.     The  differences  may  possibly  be  due  to  variations  inv 
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the  fineness  of  division  since  if  dogs  are  allowed  to  bolt  large 
pieces  of  hard-cooked  egg-white,  fragments  of  the  same  can  gener- 
ally be  distinguished  macroscopically  in  the  feces. 

The  Temperature  Necessary  to  Improve  the  Digestibility  of  Egg- 
White. — The  above  results  show  that  simple  heating  of  the  native 
egg-white  renders  it  more  digestible  and  affords  the  organism  a 
chance  to  make  better  use  of  it.  At  what  temperature  is  this 
change  effected?  To  determine  this  the  egg-white  was  heated 
in  a  double-boiler  for  30  to  45  minutes  with  constant  stirring. 
At  temperatures  below  55°  the  substance  suffered  little  impair- 
ment of  its  activity  in  causing  diarrhea.  This  activity  is,  how- 
ever, considerably  decreased  by  heating  at  55°  or  60°.  After 
being  subjected  to  a  temperature  of  65°  for  half  an  hour  the 
digestibility,  of  the  egg-white  is  still  further  enhanced  while  at 
70°  or  above,  the  foodstuff  becomes  entirely  innocuous.  Above 
55°,  more  or  less  coagulation  takes  place  depending  upon  the 
degree  of  alkalinity  of  the  egg-white,  while  at  70°  the  protein  is 
entirely  coagulated  but  is  very  soft  and  jelly-like  in  texture. 

Experiments  with  Rats. 

The  subjects  were  large,  healthy,  white  rats  kept  in  sanitary 
cages  and  supplied  plentifully  with  food  and  water.  The  meals 
consisted  largely  of  separator-milk  powder  ("Klim")  mixed  well 
with  varying  amounts  of  egg-white,  bread-meal,  and  lard. 

When  the  diet  contained  20  per  cent  of  raw  egg-white  the  feces 
of  the  subjects  were  not  different  from  those  of  controls  fed  on  a 
mixed  diet  although  occasionally  the  presence  of  small  amounts 
of  coagulable  protein  could  be  demonstrated.  When  the  pro- 
portion of  egg-white  was  increased  to  40  per  cent  half  of  the  ani- 
mals had  softened  feces,  the  scybala  being  larger  and  longer  than 
normal.  Such  stools  as  these  always  contained  unused  protein. 
All  the  subjects  up  to  this  time  gained  in  weight  and  maintained 
excellent  condition.  Tolerance  for  the  unusual  foodstuff  was 
quickly  gained  since  after  7  to  10  days'  feeding  the  feces  could 
not  be  distinguished  in  appearance  from  those  of  the  controls. 

Next,  a  new  lot  of  animals  were  first  fed  a  diet  containing  60 
per  ceiit  of  raw  egg-white.  This  caused  diarrhea  which  in  some 
cases  was  severe.     In  the  latter  contingency  the  body  weight 
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decreased  while  the  less  susceptible  animals,  on  the  contrary, 
gained  somewhat  or  remained  stationary.  The  food  was  not 
relished  so  that  the  diminished  intake  played  some  part  when 
weight  was  lost.  The  ill  effects  of  the  native  egg-white  were  still 
more  marked  when  the  proportion  in  the  food  was  increased  to 
70  per  cent.  Several  subjects  refused  to  eat  after  a  few  days, 
moping  in  the  cages  and  neglecting  to  clean  themselves.  The 
feces  now  became  quite  liquid  at  times  and  often  contained 
mucus.  When  the  fecal  matter  dried  it  appeared  as  though  var- 
nished. In  a  final  experiment  the  rats  were  fed  a  mixture  of  80 
per  cent  raw  egg-white  and  20  per  cent  milk  powder  of  which 
they  partook  rather  sparingly.  They  lost  weight  rapidly,  all 
were  afflicted  with  diarrhea,  and  after  10  days  it  was  evident  that 
their  health  was  much  impaired.  Six  of  these  animals  while 
having  diarrhea  were  killed  with  chloroform  and  the  intestines 
examined.  In  half  the  cases  everything  was  normal  while  the 
degree  of  intestinal  inflammation  perceived  in  the  other  three  did 
not  appear  significant- 

The  use  of  cooked  instead  of  raw  egg-white  was  followed  by  no 
untoward  effects.  All  the  rats  gained  in  weight  and  remained 
well  and  active  even  when  the  diet  contained  a  large  proportion 
of  the  coagulated  protein. 

Falta  and  Noeggerath  (1905)  fed  rats  a  diet  in  which  dry  egg-white  was 
the  only  protein.  The  animals  did  not  live  longer  than  94  days  in  the  most 
favorable  cases.  The  weight  steadily  declined  and  death  followed  when 
the  weight  fell  to  two-thirds  or  three-fifths  of  its  original  value.  The  rats 
suffered  from  conjunctivitis  and  other  eye  diseases.  Knapp  (1908)  reports 
similar  results.  All  his  rats  experienced  diarrhea  and  conjunctivitis. 
One  soon  died,  the  others  following  in  from  17  to  24  weeks,  after  losing 
much  weight.  Maignon  (1912)  fed  rats  exclusively  on  egg-white,  either 
raw  or  cooked,  which  was  found  entirely  inadequate  to  sustain  them. 
Weight  was  quickly  lost  in  spite  of  the  increased  quantities  of  food  in* 
gested.  Death  occurred  after  various  periods  when  the  body  weight  had 
been  much  reduced — in  some  cases  as  much  as  40  per  cent.  Frank  and 
Schittenhelm  (1912)  also  failed  to  nourish  rats  when  the  only  protein 
furnished  was  egg-white. 

Von  Knieriem  (1885)  fed  mice  exclusively  on  dry  egg-white.  They  could 
not  maintain  existence  and  some  succumbed  in  3  days.  Rohmann  (1914) 
used  mice  as  subjects,  feeding  them  mixed  diets  some  of  which  contained 
egg-white.  He  concluded  from  the  results  of  his  experiments  that  this 
substance  sustained  life  poorly  in  comparison  with  other  proteins. 
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All  the  untoward  effects  noted  by  these  investigators  cannot  be 
ascribed  to  the  egg-white  but  more  justly  to  the  lack  in  the  diet 
of  important  food  accessories  such  as  the  vitamines.  Osborne 
and  Mendel  (1911)  kept  rats  growing  well  on  rations  containing 
cooked  egg-white  as  sole  protein  for  170  days  and  the  ensuing 
decline  was  arrested,  not  by  changing  the  protein  but  by  adding 
a  small  amount  of  butter  fat.  As  regards  the  eye  troubles,  rats 
are  prone  to  suffer  from  epidemics  of  conjunctivitis  and  other 
diseases  if  poorly  nourished  or  kept  in  unsanitary  surroundings. 
Both  Falta  and  Noeggerath  and  Knapp  experienced  these  troubles 
with  other  proteins  in  the  diet  than  egg-white;  but  they  appeared 
to  be  milder  and  more  tractable  in  the  former  case. 

Experiments  with  Rabbits. 

The  experimental  animals  were  kept  in  metabolism  cages  and 
liberally  supplied  with  mixed  food.  The  raw  egg-white  was  fed 
by  means  of  a  stomach  sound. 

1.  Two  rabbits  each  received  the  whites  of  two  eggs.  One  passed  a 
small  amount  of  semi-liquid  matter  while  the  feces  of  the  other  and  of  a 
control  which  received  an  equivalent  quanity  of  water  were  normal. 

2.  Two  rabbits  each  were  fed  the  whites  of  three  eggs.  One  had  mod- 
erate diarrhea  while  the  feces  of  the  other  were  pasty  and  increased  in 
quantity  above  those  passed  on  the  mixed  food. 

3.  Three  rabbits  each  were  given  the  whites  of  two  eggs  at  10  o'clock 
and  the  whites  of  two  more  at  2  o'clock.  Two  were  afflicted  with  diarrhea 
of  some  severity.  One  of  them  ate  most  of  the  fecal  matter  in  preference 
to  food.  The  third  animal  passed  a  large  amount  of  very  pasty  feces,  the 
scybala  being  much  larger  than  normal. 

Von  Knieriem  (1885)  fed  three  rabbits  each  a  meal  containing: 


Dry  egg-white 15 

Meat  extract 5 

Sugar 10 

Horn  shavings 2 

Water,  cc 225 

The  resulting  feces  were  very  soft  and  abnormal.  Utilization 
of  the  egg-white  in  the  three  cases  was  calculated  to  be  61,  67.2, 
and  70.2  per  cent  respectively.  The  character  of  the  feces  and 
the  poor  utilization  of  the  protein  were  doubtless  due  in  part  to 
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the  presence  in  the  food  of  the  horn  shavings  which  acted  in  the 
same  manner  as  the  indigestible  substances  used  in  the  experi- 
ments of  Mendel  and  Fine  and  Mendel  and  Lewis.  Neverthe- 
less, von  Knieriem  decided  that  egg-white  was,  in  contrast  to 
almost  all  other  proteins,  poorly  digested.  Mendel  and  Rose 
(1911)  found  it  impossible  to  feed  any  large  amount  of  native  egg- 
white  to  rabbits  without  inducing  diarrhea. 

Experiments  on  Man. 

Experiments  were  made  with  native  egg-white  and  raw  eggs 
upon  a  number  of  persons,  and  the  cooperation  of  still  others  who 
were  eating  raw  eggs  in  order  to  gain  weight  was  secured.  The 
data  collected  confirmed  the  points  already  brought  out.  Most 
of  the  subjects  experienced  diarrhea  which  generally  abated  after 
several  days'  ingestion  of  the  raw  foodstuff,  and  many  complained 
of  intestinal  discomfort.  The  material  was  poorly  utilized. 
These  experiments  will  be  discussed  more  in  detail  together  with 
the  question  of  the  use  of  raw  eggs  in  practical  dietetics,  in 
another  place. 

The  results  of  these  experiments  are  in  accord  with  those  of 
other  investigators.  Falta  (1906)  found  raw  egg-white  to  be 
utilized  by  man  to  the  extent  of  70  per  cent.  A  still  lower  value, 
50  per  cent,  was  reported  by  Wolf  (1912)  who  has  described  the 
peculiar  behavior  of  this  foodstuff  when  ingested  by  man.  He 
did  not  observe  diarrhea  but  the  feces  were  of  soft  consistency. 
When  raw  egg-white  was  in  the  diet  there  was  over  twice  as 
much  nitrogen  in  the  feces  as  when  the  food  contained  the  same 
quantity  of  nitrogen  in  the  form  of  other  proteins.  On  one  oc- 
casion the  feces  contained  more  nitrogen  than  did  the  urine.  The 
latter  did  not  contain  albumin,  a  result  in  contrast  to  those  of 
Hamburger  (1902)  and  Cramer  (1908)  who  claimed  that  albumi- 
nuria followed  the  ingestion  of  large  doses  of  native  egg-white  by 
man.  Previously  Oertel  (1883)  had  not  been  able  to  find  albu- 
min in  the  urine  in  such  cases,  and  neither  did  uncooked  egg- 
white  cause  an  increase  in  excreted  albumin  in  preexisting  albu- 
minuria. Wolf  also  noted  that  when  either  raw  or  cooked  egg- 
white  was  superimposed  upon  a  standard  diet  there  was  a  delay 
in  the  excretion  of  nitrogen  and  sulfur,  the  delay  being  greater 
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in  the  sulfur  elimination.  He  suggested  that  the  sulfur  com- 
plexes in  the  uncoagulated  egg-white  have  considerable  power  to 
withstand  the  action  of  the  digestive  enzymes. 

Explanations  of  the  Behavior  of  Egg-White  in  the  Alimentary  Tract. 

The  Effect  of  Heating  on  Egg-White. 

The  improvement  in  the  digestibility  of  raw  egg-white  effected 
by  heating  may  be  brought  about  by  the  increased  temperature 
in  four  different  ways.  These  are:  (1)  The  temperature  used 
in  cooking  kills  any  bacteria  present;  (2)  heating  changes  the 
physical  texture  of  the  egg-white;  (3)  heating  destroys  enzymes- 
normally  found  in  this  native  protein  mixture;  (4)  heatings 
changes  the  chemical  nature  of  the  egg-white. 

1*  Heating  Kills  Bacteria. — That  bacteria   in   the  egg-white 
cause  the  diarrhea  attending  its  use  is  improbable.    It  is  true  that* 
Wiley  (1908),  Lamson  (1909),  Pennington  (1910),  Maurer  (1911), 
and  Stiles  and  Bates  (1912)  have  reported  a  large  percentage  of 
the  eggs  examined  by  them  infected.     But  the  more  recent  work 
of  Rettger  (1913),  who  carried  out  far-reaching  tests  with  the 
greatest  care  to  prevent  accidental  contamination,  led  him  to 
the  opposite  conclusion.     Of  the  whites  of  582  fresh  eggs  onljr 
seven,  or  1.2  per  cent,  showed  the  presence  of  bacteria  and  some 
of  these  cases  were  unquestionably  due  to  contamination.     These 
results  are  supported  by  those  of  Horowitz  (1902)  and  confirmed 
by  Kossowicz  (1913).     And  not  only  is  egg-white  usually  sterile 
but  it  has  strong  antiseptic  properties  and  in  many  cases  a  marked 
disinfectant   action    on    bacteria   as   demonstrated   by   Lascht- 
schenko  (1909)  and  Rettger  and  Sperry  (1912).     The  bacteri- 
cidal properties  are  destroyed  by  heating  the  egg-white  to  65-70°. 
In  view  of  these  facts  it  is  unlikely  that  the  unusual  behavior  of 
native  egg-white  in  the  alimentary  tract  can  be  due  to  bacteria. 

2.  Heating  Changes  the  Physical  Texture. — When  raw  egg-white 
is  heated  above  55°  it  coagulates  and  loses  its  properties  as  a 
viscid  liquid.  It  is  possible  that  this  change  is  responsible  for 
the  bettered  digestibility  of  the  cooked  protein  especially  since, 
as  shown  above,  this  improvement  is  not  brought  about  by  heat- 
ing at  temperatures  too  low  to  cause  coagulation. 

Two  sets  of  dogs  were  fed  meals  exactly  alike  except  that  one 
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received  native  egg-white  and  the  other  cooked  egg-white  ground 
to  a  fine  pulp.  By  the  addition  of  water  both  types  of  meal  were 
made  as  nearly  of  the  same  consistency  as  possible.  Those 
meals  containing  the  raw  foodstuffs  always  caused  diarrhea  while 
the  others  did  not. 

For  further  evidence  on  this  point  there  was  added  to  raw  egg- 
white  enough  sodium  hydroxide  to  prevent  coagulation  when  the 
mixture  was  heated  even  above  70°.  By  this  treatment  the  egg- 
white  was  little  altered,  only  becoming  somewhat  more  viscid; 
yet  when  fed  to  dogs  it  failed  to  cause  diarrhea. 

Other  experiments  to  be  discussed  later  in  detail  also  showed 
that  the  egg-protein  could  be  made  digestible  without  changing 
its  fluid  character. 

While  it  may  be  said  that  the  peculiar  physical  nature  of  the 
substance  is  not  per  se  the  factor  giving  rise  to  diarrhea  and  poor 
utilization,  the  protein  does,  nevertheless,  act  while  in  the  stom- 
ach in  an  unusual  manner.  Beaumont  (1833)  was  the  first  to 
discover  that  raw  egg-white  leaves  the  stomach  more  rapidly 
than  other  foods,  including  cooked  egg-white  itself.  Some  ob- 
jections may  be  raised  against  these  early  observations  because  of 
the  abnormality  of  Beaumont's  subject;  but  that  the  protein  does 
act  in  the  manner  described  has  been  confirmed  recently  by  Can- 
non (1905),  and  London  and  Sulima  (1905).  The  former  found 
the  egg-white  to  pass  through  the  pylorus  at  a  rate  comparable 
to  that  of  the  carbohydrates  which  are  among  the  first  foodstuffs 
to  enter  the  intestine  after  ingestion  whereas  protein  leaves  the 
stomach  slowly.  The  egg-white  was  the  only  protein  to  act  in 
this  way  among  those  investigated.  London  and  Sulima  by 
m&ans  of  intestinal  fistulas  found  that  the  egg-white  left  the  stom- 
ach in  large  gushes,  often  faster  than  the  peristaltic  waves.  Dur- 
ing its  stay  in  the  stomach  it  retained  its  alkaline  reaction  for 
some  time  or  passed  into  the  intestine  in  this  condition.  After 
feeding  a  dog  native  egg-white  these  workers  recovered  73  per 
cent  unchanged  from  a  fistula  in  the  ileum. 

The  amount  of  gastric  proteolysis  undergone  by  this  protein, 
already  decreased  by  its  short  stay  in  stomach,  is  still  further 
diminished  by  another  unusual  property  observed  by  Pawlow 
(1902);  namely,  that  the  egg-white  acts  ineffectively  in  stimu- 
lating a  flow  of  gastric  juice.     It  acts  in  this  way  only  like 
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so  much  water.  But  even  this  is  not  the  end  of  the  story,  for 
Abderhalden  and  Pettibone  (1912),  and  Bizarro  (1913)  state  that 
native  egg-white  offers  considerable  resistance  to  the  action  of 
pepsin.  If  the  egg-white  is  heated,  however,  and  especially  if 
coagulated  at  80°,  it  is  more  quickly  acted  upon  by  the  pepsin 
than  when  uncooked,  and  hydrolysis  proceeds  farther.  After 
the  material  is  once  coagulated  the  rate  of  digestion  is  lessened 
by  heating  at  higher  temperatures.  The  fineness  of  division  of 
the  coagulum  also  affects  the  rate  of  digestion. 

We  may  picture  this  native  protein,  then,  as  quickly  leaving 
the  stomach,  accompanied  by  scanty  amounts  of  gastric  juice 
and  practically  unaltered  by  pepsin.  Perhaps  this  lack  of  gas- 
tric digestion  is  at  the  bottom  of  the  egg-white's  unusual  behavior 
as  a  foodstuff.  That  it  does  have  a  bearing  on  the  subject  was 
shown  by  feeding  dogs  partially  digested  egg-white.  The  pro- 
tein together  with  0.2  per  cent  pepsin  and  0.2  per  cent  hydro- 
chloric acid  was  heated  for  several  hours  at  37°.  The  digestion 
was  continued  until  the  mixture  upon  neutralization  gave  a  heavy 
precipitate,  in  the  filtrates  from  wrhich  no  coagulable  protein 
could  be  detected.  This  material,  which  was  little  altered  in 
texture  from  the  original,  was  as  inactive  as  cooked  egg-white  in 
causing  diarrhea. 

However,  Cannon,  and  London  and  Sulima  have  shown  that 
even  coagulated  egg-white  leaves  the  stomach  much  more  rapidly 
than  other  proteins,  although  less  so  than  when  in  the  native  con- 
dition. When  cooked  it  does,  in  contrast  to  the  raw  material, 
call  forth  an  early  secretion  of  hydrochloric  acid  with  which  it 
unites.  But  the  difference  in  rate  of  gastric  discharge  is  not 
enough  to  account  for  the  differences  in  digestibility,  so  one  must 
consider  the  behavior  of  the  two  in  the  intestine. 

As  stated  above,  the  native  egg-white  in  the  stomach  fails  to 
cause  a  good  flow  of  gastric  juice.  According  to  the  mechanism 
which  Bayliss  and  Starling  (1902)  propose  for  the  action  of  secre- 
tin, it  is  probable  that  once  in  the  intestine  the  raw  egg-white 
meets  comparatively  little  pancreatic  juice  since  the  amount  of 
the  latter  is  proportional  to  the  quantity  of  acid  entering  the 
duodenum — a  fact  observed  by  Pawlow  (1902)  as  well.  Fur- 
thermore, Bruno  and  Klodnizki  (1914)  showed  that  no  bile  was 
passed  into    the  intestine  when   raw   egg-white  was  ingested. 
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Okada  (1915)  has  confirmed  this  to  the  extent  that  in  his  experi- 
ments the  secretion  of  bile  was  small  and  seemed  to  be  dependent 
upon  the  degree  of  digestion  undergone  by  the  protein  in  the 
stomach.  Coagulated  egg-white  always  caused  a  good  flow  of 
bile. 

8.  Heating  Destroys  Enzymes. — In  the  intestine  the  digestion 
of  the  egg-white  is  still  further  checked  by  the  pronounced  re- 
sistance it  exerts  against  the  action  of  trypsin.  Vernon  (1904) 
found  the  antitryptic  activity  to  be  more  marked  with  this  pro- 
tein than  with  any  other.  In  solutions  containing  0.5  to  1.0  per 
cent  of  raw  egg-white  the  trypsin  action  on  fibrin  was  lowered 
to  only  2.7  per  cent  of  the  normal,  while  even  one  part  of  egg- 
white  in  6,000  reduced  the  activity  to  45  per  cent  of  the  normal. 
When  the  egg  albumin  was  exposed  to  a  temperature  of  60°  its 
antitryptic  influence  was  not  diminished  and  it  retained  a  good 
deal  of  its  inhibitory  power  even  after  coagulation  at  100°. 

The  native  egg-white,  however,  is  unlike  collagen  which  is  not 
acted  upon  at  all  by  trypsin;  for  Bayliss  (1908)  has  shown  that 
if  sufficient  time  be  allowed  the  enzyme  will  act  as  completely 
upon  uncooked  as  upon  cooked  egg  albumin.  For  some  hours 
after  being  brought  together  the  trypsin  does  not  change  the  egg- 
white  in  the  slightest  degree  and  it  requires  over  70  hours  before 
the  digestion  equals  that  of  the  cooked  material  under  the  same 
conditions.  Hedin  (1907),  Cohnheim  (1912),  Abderhalden  and 
Pettibone  (1912),  Long  and  Johnson  (1913),  and  Bizarro  (1913) 
liave  all  demonstrated  the  strong  antitryptic  effect  of  egg-white 
"which  Hammarsten  (1912)  considers  remarkable. 

To  explain  this  behavior  the  existence  of  a  specific  anti-enzyme, 
antitrypsin,  has  been  postulated  which  is  supposed  to  unite  with 
the  trypsin  much  as  an  antitoxin  does  with  its  corresponding 
toxin.  A  later  view  is  that  the  trypsin  is  adsorbed  by  the  colloi- 
dal egg-white  which  thus  cuts  down  tryptic  activity  in  much  the 
same  way  as  did  charcoal  in  the  experiments  conducted  by  Hedin 
(1906,  b).  Recently  Maxwell  (1915)  has  shown  that  boiled 
starch  adsorbs  pepsin  and  so  hinders  its  activity.  That  egg- 
white  does  act  in  this  manner  is  suggested  by  the  observations  of 
Delezenne  and  Pozerski  (1903),  Vernon  (1904),  Gompel  and 
Henri  (1905),  and  Hedin  (1907)  who  found  that  raw  egg-white 
prevents  the  tryptic  digestion  of  other  easily  digested  proteins. 
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It  has  already  been  stated  that  native  egg-white  resists  peptic 
digestion.  It  is  interesting  to  note  that  proteolytic  enzymes 
other  than  those  occurring  in  the  intestinal  tract  are  also  unable 
to  act  upon  this  substance.  The  work  of  Chittenden,  Joslin,  and 
Meara  (1892),  and  Chittenden  (1894)  showed  that  raw  egg-white 
was  much  more  poorly  digested  than  coagulated  egg-white  by 
bromelirij  the  proteolytic  enzyme  of  the  pineapple.  Jonescu 
(1907)  and  Sachs  (1907)  found  that  papain  was  practically  un- 
able to  act  upon  native  egg-white.  If  the  latter  was  heated  or 
incubated  with  dilute  acids  the  antiproteolytic  action  toward 
papain  was  destroyed. 

If  native  egg-white  contains  antitrypsin,  then  heating  may 
improve  its  digestibility  by  destroying  the  anti-enzyme.  Tala- 
rico  (1910)  found  that  preliminary  heating  of  the  egg-white  aided 
tryptic  digestion.  There  was  no  effect,  however,  until  the  tem- 
perature reached  70°  after  which  there  was  an  orderly  liberation 
of  amino-acids  up  to  130°.  Frank  (1911)  also  found  cooked  egg- 
white  to  be  better  digested  than  raw,  the  optimum  temperature 
being  70-75°.  At  temperatures  above  this  the  digestibility  de- 
creased in  proportion  to  the  hardness  of  the  coagulated  material. 
Bizarro  (1913)  considered  the  best  temperature  to  be  80°.  In 
addition  to  these  observers  Abderhalden  and  Pettibone  (1912) 
and  Long  and  Johnson  (1913)  found  the  coagulated  egg-white 
much  better  digested  than  the  raw.  The  latter  observers  state 
that  cooked  egg-white,  however,  is  acted  upon  slowly  by  trypsin 
as. compared  to  pepsin. 

It  is  significant  that  the  temperature  (70°)  which  was  found 
sufficient  to  rob  the  egg-white  entirely  of  its  activity  in  causing 
diarrhea  is  the  same  as  that  given  above  for  the  optimum  activity 
of  trypsin. 

Beyond  the  resistance  to  trypsin  the  properties  of  the  alleged 
antitrypsin  in  the  egg-white  are  little  known  except  that  Vernon 
(1904)  found  its  action  much  weakened  by  heating  with  dilute 
sodium  carbonate.  Hedin  (1904)  also  used  sodium  carbonate  to 
destroy  the  anti-enzyme. 

The  following  experiments  were  made  to  determine  whether 
the  antitrypsin  could  be  the  source  of  the  unusual  behavior  of 
egg-white. 

The  whites  of  five  to  six  eggs  were  dialyzed  for  several  days. 
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When  fed  to  dogs  this  material  was  effective  in  causing  diarrhea. 
The  antitrypsin,  if  present,  is  not  diffusible.  Cathcart  (1904) 
found  that  the  antitryptic  action  of  blood  serum  is  not  removed 
by  dialysis. 

Egg-white  was  incubated  with  0.2  per  cent  sodium  or  potassium  hydrox- 
ide or  0.25  per  cent  sodium  or  potassium  carbonate  for  several  hours  at 
37°.  Fed  to  dogs  the  material  was  no  different  in  behavior  than  cooked 
egg-white.    This  treatment  does  not  alter  the  texture  to  any  extent. 

The  native  protein  was  heated  in  an  incubator  at  37°  for  4  to  8  hours 
with  0.2  per  cent  acetic  or  hydrochloric  acid.  By  this  treatment  it  was 
rendered  digestible  and  no  diarrhea  followed  its  use.  This  process  also 
left  the  original  texture  unaltered. 

Jobling  and  Petersen  (1915)  succeeded  in  extracting  antitryp- 
sin from  blood  serum  with  chloroform.  It  was  found  impracti- 
cable to  extract  native  egg-white  with  chloroform  or  ether  since 
a  considerable  quantity  of  the  protein  was  precipitated  and  the 
liquids,  especially  the  chloroform,  did  not  separate  well.  After 
standing  for  12  to  24  hours  the  mixtures  were  dried  rapidly  in 
a  current  of  warm  air  at  room  temperature.  The  dry  material 
was  thoroughly  mixed  with  water  and  fed  to  dogs.  It  did  not 
cause  diarrhea.  Nothing  had  been  removed  from  the  native  egg- 
white  and  judging  by  the  work  of  Jobling  and  Petersen  the 
treatment  was  scarcely  drastic  enough  to  destroy  the  anti-enzyme. 

Further  attempts  at  extraction  were  made  more  successfully 
by  previously  drying  and  powdering  the  egg-white.  In  order  to 
make  the  extraction  as  complete  as  possible  the  mixture  of  dry 
egg-white  and  ether  or  chloroform  was  allowed  to  stand  for  4 
days,  on  each  of  which  it  was  well  shaken  for  a  period  of  30  to  60 
minutes.  The  extract  was  then  separated  and  evaporated  to 
dryness  at  room  temperature.  The  residue  from  the  extract  was 
triturated  with  water  and  mixed  as  well  as  possible  with  finely 
minced,  coagulated  egg-white.  This  mixture,  assumed  to  con- 
tain any  antitrypsin  originally  in  the  egg-white,  failed  to  cause 
diarrhea  when  fed  to  dogs.  The  residues  insoluble  in  chloroform 
or  ether  were  dried,  mixed  with  water,  and  fed  to  dogs  with  nega- 
tive results. 

It  is  well  known  that  enzymes  in  general  are  soluble  in  dilute  and 
precipitated  by  strong  alcohol.  Egg-white  was  coagulated  with 
strong  alcohol  and  filtered.     If  antitrypsin  was  precipitated  by 
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the  reagent  it  should  be  contained  in  the  coagulated  protein;  yet 
when  this  was  freed  from  alcohol  and  fed  to  dogs  it  caused  no 
diarrhea.  Neither  did  the  filtrate  appear  to  contain  antitrypsin, 
for  the  residue  obtained  from  it  by  evaporation  well  mixed  with 
cooked  egg-white  was  fed  to  dogs  with  no  untoward  results.  In 
still  other  experiments  the  egg-white  was  precipitated  as  before 
with  strong  alcohol.  After  filtering,  the  coagulated  protein  was 
finely  minced,  ground  up  with  dilute  alcohol,  and  finally  washed 
with  dilute  alcohol.  By  this  treatment  it  might  be  supposed 
that  antitrypsin,  if  present  in  the  egg-white,  would  first  be  pre- 
cipitated and  then  washed  out  of  the  finely  divided  coagulum 
by  the  dilute  alcohol.  Accordingly  the  filtrates  and  washings 
were  evaporated  until  the  alcohol  was  removed  and  fed  to  dogs 
after  being  thoroughly  incorporated  with  cooked  egg-white.  In 
no  case  was  diarrhea  induced.  Finally  the  washed  coagulum  was 
fed  but  proved  as  ineffective  as  the  extracts. 

Those  of  the  above  experiments,  therefore,  which  were  planned 
to  remove  an  active  substance  from  egg-white — by  extraction  or 
washing — appeared  to  fail  since  the  separated  material  did  not 
render  cooked  egg-white  indigestible.  In  contrast,  those  experi- 
ments calculated  to  make  the  native  egg-white  digestible  by  de- 
stroying the  anti-enzyme  were  successful.  It  may  justly  be 
argued,  however,  that  antitrypsin,  even  if  contained  in  the  resi- 
dues from  the  extracts,  cannot  be  mixed  intimately  enough  with 
cooked  egg-white  to  make  it  really  indigestible. 

4-  Heating  Changes  the  Chemical  Nature. — When  egg-white  is 
coagulated  its  chemical  nature  is  altered.  This  change  may  be 
the  causal  factor  in  bettering  its  behavior  in  the  intestinal  canal. 
Changes  of  like  nature  brought  about  by  other  agents  than  heat 
were  similarly  effective. 

Some  of  the  experiments  already  described  bring  out  this  point. 
Thus,  egg-white  precipitated  with  alcohol  did  not  affect  dogs  as  did 
the  original  protein.  It  made  no  difference  whether  the  precipi- 
tate was  filtered  off  at  once  or  allowed  to  stand  in  contact  with  the 
alcohol  for  several  days.  In  other  experiments  the  egg-white 
was  denatured  by  the  minimum  quantity  of  moderately  strong 
alcohol  and  the  whole  mixture  dried  quickly  at  a  low  temperature. 
This  material  sometimes  considerably  softened  the  feces  of  dogs 
by  which  it  was  ingested  but  this  may  be  due  to  the  fact  that  the 
treatment  usually  leaves  some  of  the  original  protein  unaltered. 
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It  has  already  been  stated  that  dried  egg-white  extracted  with 
chloroform  or  ether  was  readily  digested.  When  these  residues, 
from  which  little  had  been  removed  by  extraction,  were  mixed 
with  water  and  fed  to  dogs  they  did  not  cause  diarrhea.  Some- 
times, after  the  extraction  had  been  made  with  ether,  the  feces 
were  softer  than  normal.  This  lack  of  activity  was  not  because 
the  reagents  extracted  any  active  material  as  shown  above,  but 
apparently  because  the  protein  was  more  or  less  denatured  by 
them.  Before  extraction  the  dried  egg-white  was  entirely  solu- 
ble in  water,  but  the  treatment  so  changed  it  that  much  of  it 
became  insoluble. 

Egg-white  was  chemically  modified  in  still  another  way  by 
converting  it  into  alkali-metaprotein.  This  was  prepared  by 
the  gradual  addition  of  potassium  hydroxide  to  native  egg-white 
with  constant  stirring.  The  transparent  jelly  was  finely  divided 
and  thoroughly  washed  with  cold  water.  Fed  to  dogs  it  proved 
an  excellent  foodstuff.  The  fecesj,  formed  by  it  closely  resembled 
the  normal  feces  in  being  dry  and  crumbly.  Klug  (1897)  found 
that  pepsin  from  the  stomach  of  dogs  digested  alkali-albumin 
better  than  any  other  protein  in  his  list,  at  the  bottom  of  which 
he  placed  coagulated  egg-white.  In  general  the  same  thing  was 
true  with  pig  and  ox  pepsin.  Vernon  (1904)  considered  alkali- 
albumin  prepared  from  egg-white  more  easily  digested  by  trypsin 
than  the  native  protein. 

As  stated  previously,  if  egg-white  is  partially  predigested  by 
pepsin  or  incubated  with  dilute  acids  and  bases  it  loses  its  ability 
to  cause  diarrhea.  All  of  these  procedures,  in  addition  to  any 
effect  they  may  have  on  antitrypsin,  change  the  chemical 
nature  of  the  egg-white.  It  is  true  that  some  of  these  changes 
are  not  pronounced,  but  in  this  respect  the  altered  substances 
may  be  like  the  racemized  proteins  of  Dakin  and  Dudley  (1913) 
who  found  that  such  a  slight  chemical  change  as  a  partial  reversal 
of  the  direction  of  polarization  was  sufficient  to  convert  casein 
into  an  entirely  indigestible  substance. 

Rteume. — From  the  evidence  at  hand  it  is  reasonable  to  assume 
that  the  indigestibility  of  the  egg-white  is  due  primarily  neither 
to  its  physical  texture  nor  to  any  bacteria  present.  But  it  seems 
impossible  to  make  a  decision  between  the  other  two  explana- 
tions offered,  the  difficulty  being  that  any  process  affecting  one 
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factor  modifies  the  other  as  well.  Thus,  when  incubation  with 
acid  improves  the  digestibility  of  the  native  protein,  we  may 
explain  it  from  the  one  view-point  as  due  to  the  destruction  of 
the  antitrypsin,  and  from  the  other  as  due  to  the  conversion  of 
the  indigestible  egg-white  into  digestible  acid-metaprotein.  When 
treatment  with  chloroform  renders  the  egg-white  digestible,  we 
may  assume  that  this  is  caused  either  by  the  removal  or  destruc- 
tion of  the  anti-enzyme,  or  by  the  change  effected  in  the  chemi- 
cal properties  of  the  protein. 

The  simplest  assumption  is  that  raw  egg-white  is  attacked 
with  much  difficulty  by  the  digestive  enzymes.  It  is  not  con- 
tended that  raw  starch,  agar,  collagen,  cellulose,  and  other  in- 
digestible substances  contain  anti-enzymes.  Moreover,  the 
existence  of  such  substances  has  been  seriously  doubted  of  late 
by  investigators  like  Bayliss  (1908)  and  Cohnheim  (1912),  the 
latter  of  whom  considers  that,  "the  evidence  does  not  permit  us 
to  speak  of  specific  antiferments."  Probably  the  explanation  of 
the  behavior  of  antitryptic  substances  most  in  favor  at  present,  is 
that  which  postulates  an  adsorption  of  the  trypsin,  the  effective 
concentration  of  which  is  thereby  reduced. 

What  Component  of  Egg-White  Is  Responsible  for  Its  Peculiar 

Behavior  in  the  Alimentary  Tract. 

The  Action  of  the  Individual  Proteins  of  Egg-White. 

The  proteins  of  egg-white  were  separated  from  each  other 
according  to  the  method  of  Osborne  and  Campbell  (1900).  Care 
was  taken  to  have  the  various  fractions  as  free  from  each  other 
as  possible  and  each  was  dialyzed  free  from  ammonium  sulfate 
before  being  used.  The  amounts  of  the  various  proteins  used 
were  equivalent  to  those  contained  in  the  whites  of  five  or  six 
eggs,  which  amount  of  egg-white  had  previously  been  found 
sufficient  to  cause  severe  diarrhea  in  the  dogs  used  as  subjects. 

Globulin. — According  to  Osborne  and  Campbell  globulin  is 
present  in  egg-white  to  the  extent  of  7  per  cent  of  the  total  solids. 
The  whites  of  five  or  six  eggs  contain  approximately  1.5  to  2  gm. 
of  globulin.  These  amounts  of  freshly  prepared,  moist  globu- 
lin mixed  with  the  usual  meal  did  not  affect  the  dogs  in  the  least 
and  the  same  was  true  when  quantities  four  or  five  times  as 
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large  were  ingested.  Even  20  gm.  of  purified  egg  globulin  pre- 
pared 2  years  previously  did  not  perceptibly  alter  the  consistency 
of  the  feces,  although  it  was  not  very  well  utilized. 

Ovalbumin. — The  ovalbumin  was  obtained  in  fine  cyrstals. 
After  being  dialyzed  it  was  quickly  dried  at  a  low  temperature. 
Osborne  and  Campbell  succeeded  in  crystallizing  50  per  cent  of 
the  total  proteins  in  egg-white  but  consider  that  all  the  other 
fractions  contain  more  or  less  of  this  substance.  While  the  actual 
proportion  present  is,  then,  somewhat  doubtful,  for  these  experi- 
ments it  was  assumed  to  be  60  per  cent.  The  whites  of  five  or 
six  eggs  would  then  contain  12.5  to  16  gm.  of  ovalbumin.  Fed 
in  these  amounts  to  dogs  it  caused  diarrhea  which  was  more 
marked  when  larger  amounts  were  ingested.  Its  action,  how- 
ever, was  not  so  marked  as  might  be  expected  from  the  activity 
of  the  native  egg-white  itself  and  was  also  more  variable.  Thus 
one  dog,  for  instance,  in  which  diarrhea  had  been  induced  several 
times  with  raw  egg-white  failed  to  react  at  all  to  the  ovalbumin. 
Perhaps  this  is  not  surprising  considering  the  amount  of  manipu- 
lation necessary  to  obtain  the  pure  ovalbumin.  While  the  glob- 
ulin is  separating  the  mixture  becomes  strongly  alkaline  from  the 
formation  of  ammonium  hydroxide,  and  another  changfe — pos- 
sibly oxidative — is  going  on  as  shown  by  the  gradually  deepening 
color  of  the  solution.  Later  the  ovalbumin  stands  for  a  long  time 
in  contact  with  acid,  is  dialyzed  for  several  days,  and  dried. 
Osborne  and  Campbell  indeed  regard  the  crystallized  substance 
as  different  from  the  original  protein  and  consider  that  it  is  prob- 
ably a  combination  of  the  protein  with  acid. 

Conalbumin. — The  amount  of  uncrystallizable  albumin  in  egg- 
white  is  not  definitely  known  but  it  is  probably  from  25  to  35  per 
cent  of  the  total  proteins.  In  five  or  six  egg-whites  there  would 
be  4.5  to  6  gm.  of  conalbumin.  Fed  in  these  amounts  it  generally 
caused  the  formation  of  pasty  feces,  which  effect  was  increased 
where  the  amount  ingested  was  larger.  A  mixture  of  ovalbumin 
and  conalbumin  in  the  proportion  in  which  they  occur  in  egg- 
white  fed  to  dogs  in  amounts  equivalent  to  85  per  cent  of  the  total 
proteins  in  five  or  six  egg-whites  caused  diarrhea. 

Ovomucoid. — It  seems  unlikely  that  ovomucoid  is  the  disturb- 
ing protein  of  the  egg-white  since  it  is  present  in  small  amount — 
10  per  cent  according  to  Hammarsten, — is  unaffected  by  heating 
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in  boiling  water,  and  is  precipitated  unchanged  by  alcohol,  so 
that  it  was  present  in  the  alcohol  precipitates  which  failed  to 
cause  diarrhea.  This  supposition  was  confirmed  by  feeding  to 
dogs  ovomucoid  prepared  as  follows.  The  whites  of  five  or  six 
eggs  were  diluted  with  water  and  the  globulin  and  albumins 
coagulated  by  boiling  after  the  addition  of  a  little  acetic  acid. 
The  filtrate  containing  the  ovomucoid  was  fed  to  dogs  mixed 
with  the  usual  meal  but  did  not  cause  diarrhea. 

The  albumin  fraction,  therefore,  appears  to  be  the  indigestible 
portion  of  the  egg-white.  This  is  in  harmony  with  the  observa- 
tions of  Mendel  and  Lewis  who  found  that  purified  ovalbumin 
fed  to  dogs  in  comparatively  large  amounts  caused  profuse  diar- 
rhea. Vernon  (1904)  found  crystallized  albumin  to  be  even  more 
resistant  to  trypsin  than  native  egg-white.  Bainbridge  (1911) 
noted  that  certain  forms  of  bacteria  do  not  appreciably  break 
down  this  substance  even  in  the  presence  of  sufficient  non-nitro- 
genous food  to  insure  vigorous  bacterial  growth.  In  view  of 
these  results  it  is  interesting  that  the  antitryptic  action  of  blood- 
serum  according  to  Hedin  (1904),  Cathcart  (1904),  and  Vernon 
(1908)  is  associated  with  the  albumin  and  not  with  the  globulin. 

The  Digestibility  of  Duck  Egg-White. 

Experiments  with  the  white  of  the  eggs  of  the  Eastern  Indian 
Runner  demonstrated  that  it,  too,  was  indigestible,  caused  diar- 
.  rhea,  and  was  poorly  utilized.  The  egg-white  of  the  common 
fowl,  then,  is  not  unique  in  its  exceptional  conduct  as  a  foodstuff. 
The  egg  of  the  duck  appears  to  have  been  little  investigated  but 
the  white  differs  in  appearance  from  that  of  the  hen's  egg,  and 
Panormow  (1906)  thought  that  it  contained  a  special  protein  not 
found  in  other  eggs. 

The  Behavior  of  Egg-Yolk  in  the  Alimentary  Trad. 

When  egg-yolk  was  fed  to  dogs  in  any  large  quantity  as  part 
of  a  meal  containing  lard  and  cracker-dust,  it  usually  caused  a 
rather  severe  digestive  disturbance  of  which  vomiting  was  the 
main  symptom.  The  vomitus  contained  much  bile,  and  fre- 
quently comparatively  large  amounts  of  this  liquid  were  ex- 
pelled from  the  stomach.     Diarrhea  sometimes  accompanied  this 
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vomiting.  The  subjects  were  apathetic  and  had  little  appetite 
for  several  days.  These  effects  were  brought  about  by  cooked 
as  well  as  by  raw  egg-yolk.  The  picture  of  this  digestive  dis- 
order is  thus  quite  different  from  that  induced  by  native  egg-white. 
The  regurgitation  of  bile  suggested  the  fat  as  the  cause  of  the 
trouble.  Therefore  the  lard  was  omitted  from  the  meal  with 
favorable  results  since  no  diarrhea  or  vomiting  was  then  noted. 
The  same  end  was  attained  by  extracting  the  fat  from  the  egg- 
yolk  by  means  of  ether.  The  crude  yolk-protein,  freed  from  ether, 
was  fed  with  lard  and  cracker-meal  to  dogs,  and  was  inactive. 
The  dogs  affected  by  egg-yolk  in  the  way  described  seem,  then, 
to  have  had  a  low  tolerance  for  fat.  The  disturbing  effect  of  the 
yolk  is  considerably  less  than  that  of  the  white;  for  while,  in  one 
case,  the  whites  of  four  raw  eggs  caused  diarrhea  the  same  sub- 
ject ate  six  raw  yolks  with  impunity. 

The  egg-yolk  and  ovovitellin  were  found  to  be  excellently  utilized 

«snd  there  appears  to  be  nothing  in  the  literature  to  show  that 

they  are  indigestible.     Mendel  and  Lewis'  (1913)  experiments 

showed  the  excretion  of  nitrogen  after  feeding  ovovitellin  to  be 

'the  same  as  that  after  meat,  a  result  in  opposition  to  that  obtained 

"with  coagulated  and  uncoagulated  egg-white  where  the  nitrogen 

excretion  was  delayed.     McCollum  (1909)  sustained  life  in  white 

^ats  for  18  weeks  on  nothing  but  egg-yolk  with  no  unfavorable 

results,  while  it  may  be  recalled  that  Maignon,  Knapp,  and  von 

JKnieriem  could  not  keep  dog^,  rats,  or  mice  alive  on  egg-white 

^ilone.     Laschtschenko  (1909)  found  that  bacteria   thrived  well 

^>n  egg-yolk,  that  it  does  not  possess  germicidal  properties,  and 

^•uts  down  the  bactericidal  action  of  the  egg-white. 

SUMMARY. 

Raw  egg-white  is  found  to  be  a  decidedly  indigestible  substance, 
it  may  cause  diarrhea  in  dogs,  rats,  rabbits,  and  man  when  in- 
vested in  any  large  quantity.  Its  utilization  by  the  body  is  poor 
^ince  it  is  used  only  to  the  extent  of  50  to  70  per  cent.  Subjects 
*2an  acquire  a  certain  tolerance  for  the  native  protein  after  ingest- 
ing it  for  several  days  so  that  it  no  longer  causes  diarrhea  and  is 
somewhat  better  utilized. 

Raw  egg-white  can  be  made  digestible  through  coagulation 
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by  heat;  by  precipitation  with  alcohol,  chloroform,  or  ether;  by 
incubation  with  dilute  acids  or  alkalies;  by  partial  digestion  by 
pepsin;  by  conversion  into  alkali-metaprotein. 

The  indigestibility  of  native  egg-white  probably  lies  either  in 
its  antitryptic  content  or  in  its  chemical  constitution.  Its  physi- 
cal texture  appears  to  play  a  minor  part  in  its  behavior. 

Of  the  individual  proteins  constituting  egg-white,  the  albumin 
fraction  appears  to  be  the  indigestible  component. 

The  whites  of  the  hen's  egg  and  duck's  egg  act  alike  in  causing 
diarrhea  and  in  being  poorly  utilized. 

Egg-yolk  either  raw  or  cooked  is  excellently  utilized.  It  some- 
times causes  digestive  disturbances  in  dogs,  apparently  because 
of  its  high  fat  content. 

A  review  of  the  literature  shows  that  dietitians  have  relied, 
in  general,  upon  the  early  observations  of  Beaumont  as  support 
for  the  use  of  raw  eggs.  These  observations  were  in  the  main 
exact;  but,  so  far  as  the  digestibility  of  raw  egg-white  is  concerned, 
were  misinterpreted. 

In  current  dieto-therapy  raw  whole  eggs,  raw  egg-white,  and 
albumin-water  are  extensively  prescribed.  There  appears  to  be 
little  in  their  conduct  as  foodstuffs,  however,  to  warrant  such 
faith  in  their  nutritive  value  or  ease  of  assimilation. 

In  conclusion  it  is  a  pleasure  to  thank  Dr.  Lafayette  B.  Mendel 
for  his  kindness  and  helpfulness  during  the  course  of  this  work. 
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Plate  1. 

Experiments  on  the  feeding  of  albino  rats  have  shown  that  for 
adequate  growth  a  suitable  supply  of  certain  amino-acids  must 
be  available  in  the  diet.1  Conspicuous  among  them  are  trypto- 
phane, lysine,  and  cystine.  A  ration  which  fails  to  yield  these  in 
reasonable  abundance  cannot  promote  growth;  but  if  the  other 
(non-protein)  dietary  factors  are  suitable,  increment  of  weight 
can  promptly  be  brought  about  by  the  addition  of  these  essential 
amino-acids.  Buckner,  Nollau,  and  Kastle2  have  attempted  to 
test  the  validity  of  the  conclusions  just  expressed,  in  a  series  of 
feeding  experiments  on  young  chicks,  by  using  grain  mixtures 
which  they  believed  to  exhibit  a  low  and  high  lysine  content  re- 
spectively. The  outcome  was  interesting  in  showing  unmis- 
takable differences  in  the  growth  of  the  birds  in  the  two  groups. 
For  example,  in  one  series  the  average  change  of  weight  per  chick 
during  the  feeding  period  of  8  weeks  was  from  43  to  510  gm.; 
whereas  on  the  ration  supposedly  low  in  lysine  the  increment 

*  The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Wash- 
ington, D.  C. 

1  Osborne,  T.  B.,  and  Mendel,  L.  B.,  /.  Biol.  Chem.,  1914,  xvii,  325;  1916, 

XXV,   1. 

*  Buckner,  G.  D.,  Nollau,  E.  H.,  and  Kastle,  J.  H.,  Am.  J.  Physiol., 
1916,  xxxix,  162;  Kentucky  Agric.  Exp.  Station,  Bull.  197,  1916. 
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was  from  43  to  170  gm.  in  birds  from  the  same  lot,  and  kept 
under  the  same  environmental  conditions. 

The  rations  employed  by  Kastle  and  his  collaborators  were 
complex,  consisting  of  mixtures  of  various  cereals  and  other  seeds 
fed  in  part  in  the  form  of  a  mash  and  in  part  as  a  coarsely  ground 
grain  mixture.  The  authors  concluded  that  "the  marked  dif- 
ferences shows  by  these  two  lots  of  chicks  in  rate  of  growth  and 
development  cannot  be  ascribed  to  the  fat  content  of  the  two  ra- 
tions, but  rather  to  differences  in  the  amino-acid  content  of  the 
two  rations  and  in  all  probability  to  differences  in  the  lysine  con- 
tent." The  lysine  yielded  by  these  highly  complex  mixtures  was 
estimated  by  the  Van  Slyke  method  of  protein  analysis.  Of  the 
nitrogen  in  the  foods  low  in  lysine  about  0.7  per  cent  was  stated 
to  belong  to  this  amino-acid;  whereas  the  foods  high  in  lysine 
contained  three  to  five  times  as  much. 

Experience  has  shown  that  the  results  obtained  by  Nollau,  who 
applied  Van  Slyke's  method  directly  to  feedingstuffs,  are  in  some 
instances  wholly  erroneous.8  Thus  a  glance  at  the  figures  given 
by  Nollau4  for  the  proportion  of  lysine  shows  numerous  data  in- 
consistent with  our  knowledge  of  the  amino-acid  content  of  the 
proteins  of  these  food  products,  as  determined  directly  by  Kos- 
sel's  method.  For  example,  wheat  gluten  is  represented  as  con- 
taining very  much  less  lysine  than  the  entire  maize  kernel,  whereas 
in  fact  the  reverse  is  the  case. 

Believing  that  the  conclusion  of  Buckner,  Nollau,  and  Kastle 
in  respect  to  the  relative  amounts  of  lysine  yielded  by  their  foods 
was  in  the  main  correct,  although  unproved,  we  have  concluded 
to  attempt  the  application  to  the  chick  of  the  methods  of  feeding 
mixtures  of  more  definitely  known  lysine  content  in  the  form  of 
foods  successfully  employed  by  us  in  the  case  of  albino  rats  and 
mice.  Furthermore  the  rapid  growth  of  this  species  furnishes  a 
peculiarly  advantageous  opportunity  to  contrast  dietaries  of  un- 
like nutrient  quality. 

The  plan  of  the  experiments  was  to  compare  the  growth  of 
chicks  (Rhode  Island  Reds)  fed  on  diets  which,  in  one  case  con- 
tained "corn  gluten/'  the  mixed  proteins  of  which  yield  about  1 

•  See  Grindley,  H.  8.,  and  Slater,  M.  E.,  J.  Am.  Chem.  Soc.,  1915,  xxxvii, 
2762.    Hart,  E.  B.,  and  Bentley,  W.  H.,  /.  Biol.  Chem.,  1915,  xxii;  477. 
4  Nollau,  E.  H.,  J.  Biol.  Chem.,  1915,  xxi,  611. 
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per  cent  of  lysine,5  and  in  the  other  case  contained  equal  parts  of 
"corn  gluten"  and  lactalbumin,  a  protein  yielding  about  10  per 
cent  of  lysine. 

Two  types  of  food  were  employed.  One,  the  fat  food,  identi- 
cal with  that  furnished  to  our  rats,  was  made  in  the  form  of  a 
paste  by  grinding  the  ingredients  together  with  a  sufficient  quan- 
tity of  lard  and  butter  fat;  the  other,  the  starch  food,  was  made 
in  the  form  of  a  coarse  meal  by  substituting  starch  for  a  large  pro- 
portion of  the  fat  in  the  "fat  food."  The  starch  was  first  con- 
verted into  a  paste  with  boiling  water,  and  then  the  other  ingre- 
dients were  stirred  in.  After  being  baked  in  an  oven  at  70-80°, 
the  cakes  were  ground  to  a  coarse  meal.  This  product  was  simi- 
lar, in  texture  as  well  as  chemical  composition,  to  a  meal  made  by 
grinding  grains.  Both  types  of  food  were  furnished  at  the  same 
time,  and  each  was  eaten  freely.  The  chickens  exhibited  varying 
preferences  for  essentially  the  same  food  ingredients  supplied  in 
these  unlike  physical  textures.  The  composition  of  the  mixtures 
was  as  follows: 


Corn  gluten  food. 

Corn  gluten  + 
lactalbumin  food. 

Starch  food. 

Fat  food. 

Starch  food. 

Fat  food. 

Corn  gluten 

per  cent 

38* 

0 
28 
24 
10 

0 

per  cent 

38* 

0 
28 

2 
18 
14 

per  etnt 

19t 

n 

28 

34 

10 

0 

per  cent 
19f 

T/actalbii")in 

9t 

"Protein-free  milk" 

28 

Starch 

14 

Butter  fat 

18 

Lard 

12 

*  Equal  to  15.64  per  cent  protein  (N  X  6.25). 
t  Equal  to  7.82  per  cent  protein  (N  X  6.25). 
t  Equal  to  7.24  per  cent  protein  (N  X  6.25). 

The  proximate  composition  of  the  "  starch  food"  stated  in  the 
usual  terms  of  a  fodder  analysis  shows  its  chemical  similarity  to 
an  ordinary  high  protein  grain  ration. 

*  Our  analysis  of  the  special  preparation  of  "corn  gluten,"  for  which  we 
are  indebted  to  Mr.  H.  C.  Humphrey,  showed  it  to  contain  31.25  per  cent 
of  zein,  which  yields  no  lysine,  and  13.69  per  cent  of  maize  glutelin,  which 
yields  3  per  cent  of  lysine.  Compare  Osborne,  T.  B.,  and  Clapp,  S.  H., 
Am.  J.  Physiol.,  1908,  xx,  477.  From  these  data  we  conclude  that  the 
mixed  protein  of  the  "corn  gluten"  yields  about  1  per  cent  of  lysine. 
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Composition  of  the  "Starch  Food.11 


Corn  gluten 
food. 


N-free  extract*  (lactose,  starch,  etc.) 

Fat 

Protein  (N  X  6.25) 

Inorganic  (ash) 

Crude  fiber 


per  cent 

68.1 

12.0 

15.6 

4.3 

0.0 


100.0 


Corn  gluten  - 

lactalbumin 

food. 


per  cent 

69.6 

11.0 

15.1 

4.3 

0.0 


100.0 


•This  includes  the  unknown  constituents  of  the  "protein-free  milk" 
together  with  citric  acid  and  residues  of  protein. 

These  food  mixtures  therefore  contain,  aside  from  the  protein 
ingredients,  the  essential  substances  including  inorganic  salts, 
fat-soluble  and  water-soluble  hormones,  which  experience  with 
rats  has  been  shown  to  be  required  for  perfect  growth. 

Four  chicks,  hatched  on  tjie  same  day  in  an  incubator,  were 
kept  in  pairs  when  they  reached  the  age  of  3  to  4  weeks.  The 
wire  cages  in  which  they  were  placed  during  the  first  3  weeks  of 
the  experimental  period  had  bottoms  about  18  x  12  inches,  cov- 
ered with  dried  sand.  Small  cloth  hovers  were  provided.  Each 
bird  was  then  transferred  to  a  separate  cage,  as  it  was  noticed 
that  the  larger  bird  of  each  pair  annoyed  the  smaller  one  to  such 
an  extent  as  to  interfere  with  its  growth.  The  new  cages  had 
bottoms  12  inches  square  which  were  covered  daily  with  fresh 
sheets  of  blotting  paper.  After  the  birds  had  grown  so  large  as 
to  need  more  room  (when  about  80  days  old)  they  were  again 
transferred  to  cages  twice  as  large. 

The  cages  were  kept  in  a  well  lighted  and  ventilated  basement 
room,  at  a  fairly  uniform  temperature  of  about  20°.  During  the 
first  3  weeks  they  were  placed  out  of  doors  for  a  few  hours  when 
the  weather  was  fine;  and  a  small  amount  of  clover,  chickweed, 
and  other  green  food  was  supplied.  After  the  birds  were  about 
7  weeks  old  they  were  kept  continuously  in  the  laboratory  and 
no  green  food  whatever  was  given  them.  During  this  time  they 
acquired  the  habit  of  eating  relatively  large  quantities  of  the 
blotting  paper,  which  rendered  their  feces  much  more  solid  and 
seemed  to  be  otherwise  beneficial.     Throughout  the  experiment 
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commercial  chicken  grit  was  supplied  freely.  During  the  course 
of  the  experiment  one  chicken  of  each  pair  died  from  causes  not 
ascertained. 

The  weekly  gains  in  weight  of  the  two  remaining  chicks  are 
indicated  in  the  table  below. 

Body  Weight  in  Gm.  at  Successive  Weekly  Periods. 


Age. 

Corn  gluten  food. 

Corn  gluten  + 
lactalbumin  food. 

Chick  3. 

Chick  2. 

day* 

gm. 

gm. 

22 

106 

80 

28 

118 

101 

35 

112 

129 

42 

105 

168 

49 

115 

197 

56 

122 

221 

63 

129 

267 

70 

142 

310 

77 

158 

363 

Total  gain  in  55  days. . . 

52 

283 

The  photographs  exhibit  the  unlike  development  and  relative 
size  of  the  chickens  on  these  contrasted  diets  (Fig.  1). 

The  results  here  recorded  are  in  agreement  with  our  observa- 
tions upon  rats  receiving  similar  diets.  We  thus  see  that  corn 
gluten  permits  a  very  slight  growth  of  chickens,  as  well  as  of 
rats,  because  it  contains  some  maize  glutelin — a  protein  which 
yields  tryptophane  as  well  as  a  little  lysine.6  With  chicks,  as 
with  rats,  lactalbumin,  rich  in  both  tryptophane  and  lysine,  is  an 
efficient  adjuvant  to  the  proteins  of  corn  gluten.  The  stunted 
Chick  3  exhibited  no  indications  of  malnutrition  other  than  the 
failure  to  grow.  When  the  bird  was  photographed  at  the  age  or 
81  days  its  body,  neck,  and  head  were  still  covered  with  down 
and  free  from  even  rudimentary  feathers.  The  wing  feathers  and 
a  few  on  the  side  of  the  breast,  which  had  begun  to  grow  before 


•Osborne  and  Mendel,  /.  Biol.  Chem.,  1914,  xviii,  5.    For  the  growth  of 
rate  on  corn  gluten  see  Osborne  and  Mendel,  ibid.,  1914,  xviii,  15,  Chart  V. 
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the  beginning  of  the  feeding  experiment,  continued  to  increase  in 
size  and  appear  in  the  photograph  to  cover  a  much  larger  part 
of  the  bird's  body  than  was  actually  the  case.  The  ruffled  ap- 
pearance of  the  feathers  of  Chicken  2  was  largely  caused  by  the 
frequent  handling  incident  to  weighing  the  bird  daily  during  the 
experiment.  These  observations  corroborate,  for  the  chick,  the  ex- 
perience which  we  have  previously  published  regarding  the  unlike 
value  of  different  proteins  in  the  nutrition  of  growth. 

In  further  accord  with  the  observations  on  the  growth  of  rats. 
cottonseed  flour  also  forms  a  suitable  adjuvant  for  the  proteins 
of  corn  gluten,  whereby  in  the  presence  of  "protein-free  milk/' 
butter  fat,  etc.,  satisfactory  increments  of  growth  can  be  obtained. 
This  is  well  shown  by  the  records  of  two  chicks  from  the  same 
brood  as  that  used  in  the  previous  experiments,  fed  on  foods  com- 
posed as  follows. 

Corn  Gluten  +  Cottonseed  Flour  Food. 


Starch  food. 


Fat  food. 


per  cent 

Corn  gluten 19.0* 

Cottonseed  flour 20. 5f 

"Protein-free  milk" 28.0 

Starch I  17.5-22. 

Butter  fat 10.0 


Lard.. 
Paper. 


0.0 
5  0-0.0 


per  cent 

19  0* 
20. 5t 
280 

3  4 
ISO 
11  1 

00 


*  Equal  to  7.82  per  cent  protein  (X  X  6.25)  in  the  food, 
t  Equal  to  9  per  cent  protein  (N  X  5.40)  in  the  food. 


The  increments  of  body  weight  were  as  follows. 
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Body  Weight  in 

Qm. 

at  Successive  Weekly  Periods. 

Corn  gluten  +  cottonseed  flour  ration. 

Ace. 

Chick  5. 

Chick  6. 

day* 

gm. 

gm. 

28 

143 

133 

35 

163 

143 

42 

176 

167 

49 

m 

191 

219 

56 

247 

283 

63 

293 

335 

70 

340 

375 

77 

387 

425 

81 

427 

455 

Total  gain  in  53  days. . . 

284 

322 

One  of  these  chicks  at  the  age  of  81  days  had  thus  gained  322 
,gm.  in  a  period  of  53  days  while  at  the  same  age  Chick  3  on  the 
corn  gluten  food  had  increased  its  weight  only  44  gm.  Photo- 
graphs are  shown  at  the  age  of  81  days  after  53  days  of  experi- 
mental feeding  (Fig.  2). 

Our  results  confirm  the  conclusions  drawn  by  Buckner,  Nol- 
lau,  and  Kastle  respecting  the  effect  of  foods  high  and  low  in  ly- 
sine on  the  growth  of  chickens.  Although  their  analyses  cannot 
be  depended  upon  to  show  with  sufficient  accuracy  the  content 
of  lysine  in  their  crude  foods,  it  is  probable,  from  what  we  know 
of  the  proteins  in  the  seeds  used  by  Buckner,  Nollau,  and  Kastle, 
that  the  lysine  content  of  the  mixtures  which  they  fed  differed  to 
a  very  considerable  degree.  In  the  case  of  our  corn  gluten  food 
we  know  that  its  yield  of  lysine  is  very  small,  while  that  of  the' 
corn  gluten  +  lactalbumin  and  of  corn  gluten  +  cottonseed 
flour  is  much  greater.  The  assumption  is  therefore  justified 
that  chickens,  as  well  as  rats,  require  a  sufficient  amount  of  ly- 
sine in  order  to  make  normal  growth  and  that  this  will  doubtless 
be  found  true  for  other  species. 

Drummond7  has  recently  maintained  that  it  is  impossible  to 
rear,  to  a  satisfactory  degree  of  development,  young  chicks  kept 
under  the  artificial  conditions  prevailing  in  the  laboratory  in 


7  Drummond,  J.  C,  Biochem.  J.,  1916,  x,  77. 
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which  he  has  worked.  Further  experience  seems  to  us  to  be 
essential,  in  the  light  of  the  experiments  of  Buckner,  Nollau,  and 
Kastle,  as  well  as  our  own,  before  a  final  conclusion  in  respect  to 
the  problem  of  the  experimental  feeding  of  young  chickens  can 
be  promulgated.  The  rapid  growth  of  this  species  renders  chick- 
ens especially  suitable  for  experiments  on  growth.  It  has  there- 
fore seemed  worth  while  to  determine  the  conditions  under  which, 
if  possible,  we  can  employ  them  for  our  future  experiments. 

EXPLANATION   OF   PLATE  1. 

Fig.  1.  Chicken  3,  weight  162  gm.  Chicken  2,  weight  342  gm.  Photo- 
graph showing  two  birds  of  the  same  hatching,  at  the  age  of  81  days. 
Chicken  3  received  the  corn  gluten  food,  upon  which  it  gained  52  gm  in 
55  days;  Chicken  2,  receiving  an  addition  of  lactalbumin  in  the  ration, 
gained  283  gm.  in  the  same  period.  The  focal  distance  was  the  same  for 
Figs.  1  and  2. 

Fig.  2.  Chicken  5,  weight  427  gm.  Chicken  6,  weight  455  gm.  Photo- 
graph showing  two  birds  of  the  same  hatching,  at  the  age  of  81  days.  They 
received  the  corn  gluten  +  cottonseed  flour  ratio,  upon  which  they  gained 
284  gm.  (5)  and  322  gm.  (G)  respectively  in  53  days. 
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which  he  has  worked.  Further  experience  seems  to  us  to  be 
essential,  in  the  light  of  the  experiments  of  Buckner,  Nollau,  and 
Kastle,  as  well  as  our  own,  before  a  final  conclusion  in  respect  to 
the  problem  of  the  experimental  feeding  of  young  chickens  can 
be  promulgated.  The  rapid  growth  of  this  species  renders  chick- 
ens especially  suitable  for  experiments  on  growth.  It  has  there- 
fore seemed  worth  while  to  determine  the  conditions  under  which, 
if  possible,  we  can  employ  them  for  our  future  experiments. 

EXPLANATION   OF   PLATE   1. 

Fig.  1.  Chicken  3,  weight  162  gm.  Chicken  2,  weight  342  gm.  Photo- 
graph showing  two  birds  of  the  same  hatching,  at  the  age  of  81  days. 
Chicken  3  received  the  corn  gluten  food,  upon  which  it  gained  52  gm  in 
55  days;  Chicken  2,  receiving  an  addition  of  lactalbumin  in  the  ration, 
gained  2S3  gm.  in  the  same  period.  The  focal  distance  was  the  same  for 
Figs.  1  and  2. 

Fig.  2.  Chicken  5,  weight  427  gm.  Chicken  6,  weight  455  gm.  Photo- 
graph showing  two  birds  of  the  same  hatching,  at  the  age  of  81  days.  They 
received  the  corn  gluten  +  cottonseed  flour  ratio,  upon  which  they  gained 
284  gm.  (5)  and  322  gm.  (6)  respectively  in  53  days. 
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THE  EFFECTS  OF  TEMPERATURE  AND  FEVER  UPON 

THE  SYNTHESIS  OF  ETHEREAL  SULFURIC  AND 

UROCHLORALIC  ACIDS  IN  THE  ORGANISM. 

By  HIIZU  ITO. 

(From  the  Institute  of  Medical  Chemistry  of  the  Kyoto  Imperial  University, 

Japan.) 

(Received  for  publication,  June  19,  1916.) 

The  discovery  of  the  formation  of  hippuric  acid  from  benzoic 
acid  and  glycocoll  in  an  animal  body  has  caused  various  investi- 
gations on  relationships  of  organic  compounds  in  the  animal  body. 
"Various  syntheses  have  been  discovered,  such  as  the  formations 
of  urea  from  carbonic  acid  and  ammonia,  of  uramid  acid,  of  ethe- 
real sulfuric  acid,  and  of  conjugated  glucuronic  acids  from  their 
corresponding  components. 

I  have  taken  up  at  the  suggestion  of  Professor  Araki  the  prob- 
lem of  the  effects  of  temperature  and  fever  upon  the  synthesis 
ethereal  sulfuric  and  urochloralic  acids  in  the  animal. 
Salkowski's  method  of  determining  ethereal  sulfuric  acid  was 
dopted  in  my  experiments.    As  to  the  determination  of  uro- 
hloralic  acid,  urine  was  precipitated  with  neutral  lead  acetate, 
the  filtrate,  which  was  obtained  by  the  filtration  of  the  upper 
ransparent  layer  of  the  treated  urine,  was  examined  through 
polariscope.     Rabbits  subjected  to  the  experimentation  were 
ed  on  "Tofukara"1  in  the  cage  of  usual  construction,  which  was 
lways  kept  clean.     In  all  the  following  experiments,  the  24 
kour  urine  of  the  rabbit  was  used. 

Phenol. — For  determination  of  the  relation  between  the  sum 

*otal  of  sulfuric  and  conjugated  sulfuric  acids  of  the  urine,  the 

24  hour  specimen  which  was  obtained  from  a  normal   rabbit 

^ras  carefully  analyzed  on  the  1st  day,  as  Tables  I,  III,  and  V 

show.     On  the  2nd  day  phenol  was  given  to  the  animal.     The 

ratio  between  the  total  of  the  sulfuric  and  the  conjugated  sulfuric 

1  The  refuse  of  soy  beans,  first  pressed  and  then  cooked. 

301 


302  Sulfuric  and  Urochloralic  Acids 

acids,  which  was  found  by  the  analysis  of  the  urine  on  the  2nd 
day,  was  taken  for  the  control.    On  the  3rd  and  4th  days  the 
animal  was  fed  no  phenol.    During  this  period  the  24  hour  urine 
was  also  analyzed  to  test  whether  the  effect  of  phenol  remained 
or  not.    That  the  phenol  was  entirely  excreted  on  the  treated 
days  and  the  urine  had  returned  to  the  normal  condition  was 
proved  by  comparing  the  results  with  those  of  the  urine  on  the 
1st  day.    On  the  5th  day,  the  same  amount  of  phenol  was  given 
to  the  animal,  which  was  subjected  to  high  or  low  temperature 
or  was  attacked  by  fever  on  this  day.    The  analyzed  results  of 
the  above  mentioned  acids  in  the  urine  were  compared  with  those 
of  the  control. 

Chloral  Hydrate. — Chloral  hydrate  was  given  to  a  rabbit  on  the 
1st  day.  The  rotation  of  urochloralic  acid,  which  was  found  by 
the  method  already  mentioned,  was  taken  for  the  control.  The 
rest  of  the  treatment  of  the  animal  was  the  same  as  in  the  case  of 
the  phenol.  Both  series  of  experiments  were  conducted  during 
all  seasons  except  the  summer. 

/.  Effect  of  Low  Temperature. 

According  to  Herter2  the  reduction  of  methylene  blue  in  the 
tissues  of  an  animal  subjected  to  low  temperature  should  be 
slower  and  less  than  normal.  Since  Quinquaud3  observed  that  a 
rabbit,  when  rapidly  cooled,  produced  hyperglycemia  and  glyco- 
suria, Araki4  and  recently  Furth6  worked  on  the  formation  of 
the  lactic  acid  in  the  animals  which  were  subjected  to  very  low 
temperature.  Glaessner6  also  found  glucose  and  lactic  acid  in  the 
urine  of  a  man  who  committed  suicide  by  drowning.  According 
to  Glaessner,  the  formation  of  the  glucose  and  lactic  acid  was  due 
to  the  insufficient  supply  of  oxygen  and  the  vigorous  muscle  exer- 
cise in  the  death  struggle. 

Judging  from  these  facts  it  might  be  supposed  that  not  only 
oxidation  but  other  biochemical  processes  in  the  body  of  the 
cooled  animal  have  been  decreased.     I  thought,  therefore,  that 

2  Herter,  C.  A.,  Am.  J.  Physiol.,  19(H-05,  xii,  128. 

*  Quinquaud,  C.  E.,  J.  anat.  et  physiol.,  1SS7,  xxiii,  327. 

*  Araki,  T.,  Z.  physiol.  Chcm..  1892,  xvi,  453. 
5  Furth,  O.  v.,  Biochem.  Z.,  1914,  lxiv,  156. 

*  Glaessner.  K.,  Wien.  klin.  Woch.,  1906,  xix,  920;  1909,  xxii,  919. 
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cold  temperature  might  also  affect  the  synthesis  of  ethereal  sul- 
furic and  urochloralic  acids  in  the  animal. 

To  cool  the  animal,  as  indicated  in  the  following  tables,  I  tied 
up  its  four  legs  and  immersed  it  except  its  head  in  water  at  8- 
15°C.  For  determining  the  body  temperature  of  the  cooled  ani- 
mal, a  calibrated  thermometer  was  always  used.  When  the  body 
temperature  of  the  animal  rose  more  than  desired,  it  was  cooled 
again  in  water  as  before.  When  the  animal  was  in  danger  from 
very  low  body  temperature,  it  was  put  a  short  time  in  warm  water 
at  37-40°C,  as  Furth  directs,  and  recovered. 

TABLE  I. 

Phenol  Method.    Experiment  1.     Rabbit,  t,J$0  Gm. 


No. 

Date. 

• 

Temperature. 

24  hr. 
urine 

Phenol 
ed. 

a 

Total 

sulfate 

as  BaSOi. 

Conjugated 

sulfuric 

acid  as 

BaSO«. 

Ratio  of 
conjugated 

sulfuric 
acid  to  total 

sulfate. 

10  a.m. 

5  p.m. 

1 

2 
3 
4 
5 

1915 

Jan.   16 
"     17 
"     18 
"     19 
"     20 

•c. 

38.3 
38.2 
38.2 

37.8 

* 

•c. 

38.2 
37.8 
38.1 
37.7 

ce. 

205 
210 
255 
236 
230 

gm. 

0 
0.3 

0 

0 
0.3 

gm. 

0.8478 
0.5726 
0.4947 
0.3299 
0.6753 

gm. 

0.0779 
0.2368 
0.0418 
0.0314 
0.1196 

per  cent 

9.2 

41.4 

8.4 

9.5 

17.7 

•Immersed  four  times  in  water  at  8-9°C.  for  15  to  30  min.  After  the 
third  bath  the  temperature  of  the  animal  was  23°;  it  was  warmed  in  water 
at  40°,  and  recovered. 


6 

7 

"     21 
"     22 

36.8 
37.2 

37.5 
38.3 

180 
215 

0 
0 

0.5355 
0.3687 

0.0293 
0.0251 

5.5 
6.8 

Experiment  2.    Rabbit,  2,720  Gm. 


1 

Jan.  27 

38.5 

38.0 

300 

0 

0.6180 

0.0756 

12.2 

2 

"     28 

37.6 

37.5 

305 

0.3 

0.6185 

0.2477 

40.0 

3 

"     29 

38.1 

38.2 

245 

0 

0.7909 

0.0534 

6.8 

4 

"     30 

38.3 

37.8 

130 

0 

0.7722 

0.0401 

5.2 

5 

"     31 

* 

360 

0.3 

1.2038 

0.2765 

23.0 

•Immersed  three  times  in  water  at  7-8°C.  for  15  to  30  min.  After  the 
first  bath  the  temperature  of  the  animal  was  24.3°,  and  it  lay  on  one  side;  it 
was  then  warmed  in  water  at  40°,  and  recovered. 


6 

7 

Feb. 
« 

1 

2 

36.6 
37.5 

37.6 
38.0 

260 
195 

0 
0 

0.5772 
0.5266 

0.0364 
0.0323 

6.3 
6.1 
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TABLE  I— Continued. 

Experiment  5.    Rabbit,  2,460  Gm. 


Date. 

Temperature. 

24  hr. 
urine. 

Phenol 
fed. 

Total 

sulfate 

as  BaSO*. 

Conjugated 

sulfuric 

acid  as 

BaSOi. 

Ratio  of 
conjugated 

No. 

10  a.m. 

6  p.m. 

sulfuric 

acid  to  total 

sulfate. 

1 
2 
3 
4 
5 

1915 

Feb.  10 
"       11 

"     12 
"     13 
"     14 

°C. 

37.4 
37.4 
37.9 

37.4 

* 

37.9 
37.4 
38.0 
37.4 

cc. 

180 
215 
175 
145 
225 

gm. 

0 
0.3 

0 

0 
0.3 

gm. 

0.2760 
0.4601 
0.3720 
0.7047 
0.8343 

gm. 

0.0252 
0.2107 
0.0261 
0.0594 
0.2808 

per  cent 

9.1 

45.8 

7.0 

8.4 

33.7 

*Immersed  four  times  in  water  at  8-9°C.  for  15  to  25  min.    After  the 
fourth  bath  the  temperature  of  the  animal  was  28°. 


6 

7 

"     15 
"     16 

35.8 
37.4 

36.4 
38.2 

80 
190 

0 
0 

0.3338 
0.3109 

0.0332 
0.0307 

9  9 

9.9 

Experiment  4-    Rabbit,  2,040  Gm. 


1 

Feb.  24 

38.4 

37.6 

190 

0 

0.2878 

0.0441 

15.3 

2 

"     25 

37.4 

37.8 

130 

0.25 

0.1923 

0.1484 

77.2 

3 

"     26 

38.6 

37.6 

165 

0 

0.2851 

0.0603 

21.2 

4 

"     27 

38.4 

38.2 

170 

0 

0.3630 

0.0523 

14.4 

5 

"     28 

* 

125 

0.25 

0.3870 

0.1892 

48.9 

*  Immersed  three  times  in  water  at  9-9.5°C.  for  10  to  20  min.  After  the 
third  bath  the  temperature  of  the  animal  was  25.8°. 


6 

7 


Mar.    1 
«       2 


33.8 

36.5 
2p.m. 

115 

0 

0.3063 

0.0502 

32.8 

31.0 

Anii 

mal  die 

id  at  3  p.r 

n.  Mar.  2. 

16.4 


Experiment  5.    Rabbit,  1,810  Gm. 


1 

Feb.  26 

38.2 

38.2 

130 

0 

0.4680 

0.0454 

9.7 

2 

"     27 

38.4 

38.9 

300 

0.25 

0.2940 

0.1851 

63  0 

3 

"     28 

38.3 

38.0 

175 

0 

0.4618 

0.0490 

10.6 

4 

Mar.    1 

37.7 

38.2 

230 

0 

0.3403 

0.0421 

12.4 

5 

"       2 

* 

130 

0.25 

0.5813 

0.2275 

39.1 

*Immersed  twice  in  water  at  6-7°C.  for  10  to  20  min.    After  the  first 
bath  the  temperature  of  the  animal  was  26.2°. 


6 

7 


<< 
u 


3 
4 


37.8 

38.2 

175 

0 

0.4151 

0.0559 

37.2 

38.0 

195 

0 

0.2808 

0.0351 

13.5 
12.5 
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Chloral  Method. 

Experiment  1. 

Babbit,  t.ltO  Gm. 

TtmpenluK. 

M.br. 

culmikted 

on  the 
M  hi.  urine 

Diff™,« 

Date. 

hydrate 
fed. 

10a.m. 

Sp.m. 

(■)  ud  (b). 

Mi 

•C. 

•c. 

«. 

Bm. 

mill. 

pa-art 

1 

Nov.  11 

37.3 

37.6 

290 

0.5 

71  3 

2 

"     12 

38.2 

37.0 

135 

0 

9.7 

81.0(a) 

3 

"     13 

37.0 

38.0 

245 

0 

0 

4 

"     14 

* 

305 

0.5 

62.2(b) 

23.2 

■Immersed  twice  in  water  at  15-16*0.  for  20  to  30  r 
bath  the  temperature  of  the  animal  was  28.5°. 

din.    Aft* 

r  the  first 

5 
B 

"     15 
"     16 

37.0 
38.0 

38.6 
38 .2 

310 

1S5 

0 
0 

0 
0 

Experiment  I. 

Babbit,  t,lB0Gm. 

1 

Dec.     2 

38.2 

39.0 

3S5 

0  5 

69.3(a) 

2 

"       3 

37.6 

39.4 

300 

0 

0 

3 

4 

"       4 

38  4 

37. 8 

190 
270 

0 
0.5 

0 
48.6 

'Immersed  twice  in  water  at  12"C.  for  25  mil).  After  the  first  bath 
the  temperature  of  the  animal  was  24°,  and  it  lay  on  one  side;  it  was 
warmed  in  water  at  40°,  and  recovered. 


5 

"       6 

38.2 

38.0 

205 

() 

5  5 

6 

"       7 

38.6 

38.8 

200 

0 

54.1(b) 
0 

21  !) 

Experiment  3. 

Rabbit,  t.tSO  Gm. 

1 

Dec.    8 

37.7 

38.1 

300 

0.5 

63.0(a) 

2 

"      9 

37.7 

38.1 

315 

0 

0 

3 

"     10 

37. D 

38  4 

330 

0 

0 

4 

"     11 

* 

265 

0.5 

38.2(b) 

39.4 

•Immersed  three  times  in  water  at  6-10°C  for  15  to  25  min.  After  the 
third  bath  the  tempera  I  ure  of  the  animal  was  23.7a  and  it  lay  on  one 
tide;  it  was  then  warmed  in  water  at  40°  and  recovered. 
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TABLE  II— Continued. 

Experiment  4.    Rabbity  2,550  Gm. 


No. 

Date. 

Temperature. 

24  hr. 
urine. 

Chloral 

hydrate 

fed. 

• 

Rotation 
calculated 

on  the 
24  hr.  urine. 

Difference 
between 

10  a.m. 

6  p.m. 

(a)  and(b). 

1 
2 
3 
4 

1914 

Dec.  16 
"     17 
"     18 
"     19 

•c. 

37.0 

38.8 

37.9 

* 

•c. 

38.2 
37.7 
38.5 

ce. 
100 

55 
250 
115 

gm. 

0.5 

0 

0 
0.5 

min. 

49.8(a) 

0 

0 
41.4 

per  cent 

•Immersed  once  in  water  at  9.5°C.  for  30  min.  After  the  bath  the 
temperature  of  the  animal  was  23. 1°,  and  it  lay  on  one  side;  it  was  then 
warmed  in  water  at  40°,  and  recovered. 


6 


u 


it 


20 


21 


37.0 

37.6 

55 

0 

3.4 

37.2 

37.8 

45 

0 

44.8(b) 
0 

10.0 


Experiment  5.    Rabbit,  8,850  Gm. 


1 
2 
3 


Jan. 


« 


U 


6 

7 
8 


37.1 

37.8 

100 

0.5 

64.8 

38.1 

38.1 

75 

0 

6.8 

37.3 

37.6 

120 

0 

3.2 
74.8(a) 

* 

140 

0.5 

43.7 

•Immersed  twice  in  water  at  8°C.  for  25  min.  After  the  second  bath 
the  temperature  of  the  animal  was  23.5°;  it  was  warmed  in  water  at 
40°,  and  recovered. 


6 


<< 


« 


10 


11 


35.6 

37.0 

65 

0 

11.7 

37.1 

37.2 

60 

0 

55.4(b) 
0 

25.9 


Examination  of  the  results  given  above  shows  clearly  that  the 
synthesis  was  inhibited  more  as  the  duration  of  cooling  was  longer 
and  the  body  temperature  of  the  animal  lower.  It  was  obvious, 
therefore,  that  the  synthetic  process  in  the  animal  body  was  dis- 
tinctly inhibited  by  the  action  of  low  temperature. 
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II.  Effect  of  Fever. 

Fever  is  a  general  reaction  in  an  organism  which  disturbs  the  nor- 
mal metabolic  processes  in  the  animal  body.  According  to  Ley- 
den  and  Liebermeister,7  it  has  been  asserted  as  typical  of  fever 
to  increase  the  decomposition  of  animal  matter.  Senator8  stated 
that  all  substances  in  the  body  of  a  febrile  animal  do  not  undergo 
an  equal  decomposition,  while  it  was  recently  proved  by  May  and 
Stahelin9  that  decomposition  is  uneven  in  the  different  periods 
of  fever.  Thus  various  writers  reached  various  conclusions  on 
this  matter. 

As  regards  the  process  of  synthesis  in  fever,  few  studies,  as  far 
as  I  know,  have  been  published.  Weyl  and  Anrep10  proved  that 
rabbits  excrete  less  hippuric  acid  in  fever  than  in  the  normal 
state.  This  was  the  reason  why  I  took  up  the  problem  of  the 
synthesis  of  ethereal  sulfuric  and  urochloralic  acids  instead  of 
hippuric  acid  in  the  same  condition. 

To  make  the  animal  febrile,  "good"  pus  was  injected  under  the 
skin  of  its  back.  The  pus  was  roughly  diluted  with  water  ac- 
cording to  its  strength,  before  it  was  used.  The  amount  for  in- 
jection was  also  regulated  by  its  strength,  using  a  10  cc.  injection 
syringe.  Sometimes  one  injection  was  enough  to  produce  the 
desired  condition,  but  generally  two  or  three  injections  were  needed. 
The  animal  which  showed  the  symptom  of  diarrhea  or  whose 
temperature  did  not  reach  40°C.  was  not  used. 

7  Leyden,  E.,  Deulsch.  Arch.  klin.  Med.,  1870,  vii,  536.    Liebermeister, 
C,  ibid.,  1871,  viii,  153. 

■  Senator,  H.,  Arch.  path.  Anat.  u.  Physiol.,  1869,  xlv,  351. 
» May,  R.,  Z.  Biol.,  1894,  xxx,  1.    Stahelin,    R.,  Arch.  Hyg.,  1904,    77. 
10  Weyl,  T.,  and  Anrep,  B.  v.,  Z.  physiol.  Chem.,  1880,  iv,  169. 
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TABLE  III. 
Phenol  Method.     Experiment  1.     Rabbit,  t.ltO  Gm. 


a 

i 

Total 
sulfate 

HiiS'i  'i 

Gon  jo- 

Ratio 

* 

je 

| 

ria  acid 

Hamarlj. 

u. 

aulfaw 

im 

•c. 

•c. 

•c. 

«. 

in. 

■„,,. 

in. 

pTmi 

Noon. 

7  p.m. 

1 

Oct.     2 

37.5 

38.0 

2or 

0 

0.2132 

10347 

16  3 

2 

"       3 

38.3 

38.0 

225 

0.3 

J  3351 

3.306C 

91.2 

Control. 

3 

"       4 

37.5 

38.5 

I7f. 

0 

1.23K 

0.0405 

17.3 

4 

"       5 

38-2 
3  p.m. 

39.2 

186 

0 

0.2454 

0.0363 

14.8 

Injected  2  cc. 
of  pus  at  5 

5 

"       6 

41.2 

40.5 

3  p.m. 

7  p.m. 

170 

0.3 

0.5209 

0.3060 

58.7 

Injected  4.5 
cc.  of  pus  si 
8  a.m. 

6 

"       7 

39.5 

39.7 

40.0 

[IK 

n 

3.567e 

1.04M 

8.1 

7 

"       8 
"       9 

39.2 
38.0 

39.0 

38.5 

no 

0 

0.4827 

0.0498 

10.3 

Experiment 

1. 

flofcoif,  £,070  Gm. 

9  a.m. 

7  p.m. 

1 

Oct.     9 

38.3 

38.5 

£H 

0 

1.1831 

1.0S2C 

34.2? 

2 

"      10 

38.4 

38.5 

SK 

0.3 

1.224S 

1.172! 

76.8 

Control. 

3 

"      11 

38.2 

38.5 

20C 

0 

)  20SC 

J.06H 

31.5 

4 

"      12 

38.0 

39  3 

235 

0 

0.1835 

0.0358 

19.5 

Injected  2  «• 
of    pUfl   it 
noon;  2  «• 
at  6  p.m. 

4  p.m. 

6  p.m. 

9  p.m. 

5 

"      13 

40.8 

9  a.m. 

40  2 
4  p.m. 

40.3 

6  p.m. 

175 

0.3 

0.4774 

0.2310 

48.4 

Injected   35 
cc.  of  pueat 
11  a.m.. 

«i 

"      14 

403 

39.7 

39  5 

156 

0 

1.3785 

)  0341 

9.2 

7 

"      15 

39.5 

390 

39.1 

165 

0 

J.466C 

1.060C 

12.9 

"      lfi 

39.0 

TABLE  III— Continue*. 
Experiment  S.     Rabbit,  1,670  Gm. 


Total 
BaSO.. 

JG 

Da 

T 

"""*" 

* 

•B& 

IE. 

Ranurk.. 

19(5 

°C. 

•Q, 

•c. 

M 

**. 

in. 

>». 

,KT««t 

2p,m. 

7  p.m. 

Oct 

IS 

38.1 

38.4 

« 

0 

3.16M 

3.03M 

22.8 

3  a.m. 

2  p.m. 

7  p.m. 

Control. 

" 

1A 

38.0 

37.7 

38.0 

215 

1.25 

3.1721 

3.1351 

78.1 

" 

17 

37.5 

37.7 

38.2 

12( 

0 

1  I'.Ti" 

3.088J 

53.2 

Injected  2  co. 

I 

18 

38.0 

38.2 

39.5 

15S 

0 

0.2932 

0.0733 

25.0 

of  pua  at  6 
and  11  p.m. 

5  I 

10 

39.0 

40.7 

40.0 

UO 

0.25 

0.2297 

0.1364 

59.4 

Injected  5  co. 

of  pua  ut  8 
a.m.  and  2 
pc.  of  pua  at 
2  p.m. 

"* 

20 

30.0 

38.5 

38.0 

9f 

fl 

9.469! 

D.Q391 

8.3 

- 

21 
22 

37.8 
37.S 

37.5 

37.3 

Iffl 

0 

0.3204 

B.0372 

11.6 

Experiment  4. 

Babbit,  t.OiO  Gm. 

10  a.m. 

5  p.m. 

Oct.  28 

37.5 

38.2 

11C 

0 

3.1876 

[|  023* 

14.2 

Control. 

-     29 

37.3 

37.6 

225 

0.3 

3.1917 

3.178! 

93.0 

•'     30 

37.5 

37.7 

115 

0 

3.1351 

3.0368 

27.2 

-'     31 

37.8 

38.0 
3  p.m. 

6  p.m. 

85 

0 

0.2846 

0.0316 

11.1 

Injected  4  oc. 
of  pus  at  9 

*>*«v.    1 

40.4 
10  a.m. 

41.3 
lp.m 

40.8 
6  p.m. 

105 

0.3 

0.5233 

0.2646 

50.6 

2 

39.0 

38.7 

36.8 

Animal  died  at  8.30  a.m.  N 

ov.  3. 
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TABLE  III—  Continue*. 

Experiment  6.    Rabbit,  l,StO  Gm. 

Ratio  at 

jS 

3 

Total 
lulints 

Temperature. 

ft 

BbSO.. 

SaBOt 

ms 

10  a.m. 

•c. 
6  p.m. 

■c. 

«. 

*" 

*"■ 

" 

>•""'•' 

1 

Oct.  29 

37.0 

37.8 

'JIM 

0 

0.1932 

3.03OJ 

15.7 

2 

"      29 

37.5 

38.2 

f« 

0.3 

0  2021 

D.183E 

91.0 

Control. 

3 

"      30 

37.3 

37.5 

141 

0 

0.1044 

3.0412 

39.5 

i 

"     31 

37.3 
3  p.m. 

38.4 
6  p.m. 

150 

0 

0  2(504 

0.0342 

13.1 

Injected  3  ce. 

of    pUB  it  9 

A 

40.2 
10  a.m. 

40.0 
3  p.m. 

6  p.m. 

125 

0.3 

0.5510 

0.4360 

79.1 

Injected  2  cc. 
of  pus  si  6 
p.m. 

6 

2 

38.0 

37.1 

37.2 

5C 

0 

0.34S 

)1052 

30.3 

7 

"       3 

36.5 

36.6 

36.0 

Animal  died  in  a.m.  Nov.  4 

Rabbit,  1,570  Gm. 


i 

' 

V°2 

1b 

1 

y. 

r, 

pH 

latt 

•c. 

'C. 

•c. 

#» 

min. 

£. 

3  p.m. 

7  p.m. 

l 

Uct 

17 

38.0 

38.0 

230 

0 

44.2 

Control. 

8  a.m. 

3  p.m. 

7  p.m. 

•• 

18 

37.7 

3S.0 

33.3 

150 

0.3 

5.4 

40. 6  W 

a 

19 

38.8 

38.2 

38.7 

12. 

0 

0 

Injected  2  cc 
of  pua  at  6 

p.m. 

4 

20 

39. 0 

40.5 

40.0 

70 

0  3 

13.4(b) 

73.0 

Injected  2  cc. 
of  pus  at  10 

5 

" 

21 

40.0 

38.8 

38.1 

21C 

0 

0 

0 

22 
23 

37. G 
37.5 

37.5 

37.7 

150 

0 

0 

TABLE  IV— Continue 
Experiment  I.    'Rabbit,  1,900  Om. 


d 

Data. 

— 

| 

is 

3 

Jl*i 

m 

Remark!. 

1 

Ml 

Nov.    3 

4 
"       6 

6 
"  7 
"       8 

9 

*c. 

3  p.m. 
38.0 

•c. 

6  p.m. 
37.7 

*C. 

145 

ISO 
140 

150 
106 
130 

0.5 

0 
0 

0.5 
0 

n 

44.4(a) 

0 
0 

34, 2(b) 
0 
0 

23.0 

Control. 

2 
3 

4 
S 
6 

8  a.m. 
37.5 
37.8 

37.3 
39  0 
38. 2 
37.6 

3  p.m. 
37.7 
38.0 

.40.2 
38.5 
38.0 

6  p.m. 
37.7 
38.0 

40.6 
38.5 
38.2 

Injected  4  cc. 

of  pus  at  10 
a.m.    and    2 
cc.   at   12.30 

Experiment  S. 

Rabbit 

f.lOOGm 

3  p.m. 

6  p.m. 

1 

Nov.    3 

38  0 

38  2 

100 

0.6 

59.5 

Control. 

8  a.m. 

3  p.m. 

6  p.m. 

■1 

4 

37  5 

37.5 

38.0 

145 

0 

13  1 

72.6(a) 

:.! 

"        5 

37.0 

37.5 

37.7 

165 

0 

0 

Injected  4  cc. 

.-if  pus  at  11) 
a.m.    and   2 

8 

4.30      6 

9 

a.m. 

p.m. 

4 

6 

37.3 

4O.0'40. 

40.3 

vo 

0.5 

36.9 

Injected  2  cc. 
of  pus  at  6 
p.m. 

8  a.m. 

4.30 

6  p.m. 

5 

"       7 

40  0 

39,0 

40 

0 

10.1 
46.0(h) 

36. G 

0 

"       8 

37  5 

37  2 

36.6 

Animal  died  in  a.m.  Nov.  9. 
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TABLE  IV— Continue*. 

Experiment  4.     Rabbit,  X,3I0  Gm. 


& 

Hat*. 

TempwMure. 

S 

5 

Jl 

13*4 

till 

So 

Hi 

PS 

Rumirk*. 

1911 

V. 

12.30 

•c. 
6  p.m. 

•c. 

«. 

m 

""■ 

'"■' 

1 

Nov.    9 

p.m. 

37.8 

38  n 

175 

0.5 

56.7(a) 

Control. 

8  a.m. 

12.30 

8  p.m. 

2 

"     10 

37.4 

p.m. 

37.5 

37.8 

190 

0 

0 

3 

"     11 

37.  S 

37.7 

38.2 

IX. 

0 

0 

Injected  4 
of   pus   at 

9 

8 

1.30 

4 

S 

•*     12 

38.0 

p.m. 
40.0 

39. 

p.m. 
39.7 

no 

0.5 

40.3(b) 

28.9 

8  a.m. 

1.30 

6  p.m. 

5 

"     13 

39.3 

p.m. 

38.5 

!.-,.-> 

0 

0 

S 

"     14 
"     15 

38.3 
38  2 

38.3 

38.0 

I?.", 

0 

0 

Experiment  B. 

Rabbit,  S,tiO  Qm 

12.30 

6  p.m. 

I 

Nov.    8 

37. S 

38.0 

155 

0.5 

63.2(a) 

Control. 

8a.m 

12.30 

6  p.m. 

2 

"       9 
»      10 

38.3 
38.3 

p.m. 

38.5 
37.5 

ii 

m 

170 

0 
0 

0 
0 

Injected      4.5 
cc.  of  pus  at 
8.30  a.m. 

8     1 

2.3^    4    |      B 

"     11 

140 

0.5 

32.8 

4 

as  2 

40.31  3S.8|  39.7 

Sa.m. 

12.30 

6  p.m. 

S 
6 

"      12 

"      13 
"      14 

30  0 

37  5 

38.3 

p.m. 
38.S 

38.0 

37.8 
38.0 

75 
100 

0 
0 

12. 6 
45.4(b) 

28.2 
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We  thus  found  that  the  synthesis  of  ethereal  sulfuric  and  uro- 
chloralic  acids  was  remarkably  inhibited  in  the  febrile  animal, 
and  the  inhibition  increased  as  the  temperature  was  higher  and 
the  duration  of  the  fevered  condition  was  longer. 

III.  Effect  of  High  Temperature. 

In  comparison  with  the  effect  of  the  febrile  temperature  on  the 
destruction  of  proteins  in  the  animal,  the  effect  of  high  tempera- 
ture artificially  produced  has  been  reported  by  many  writers.11 
Unfortunately,  however,  agreement  was  reached  only  on  the  fact 
that  differences  exist  between  the  effects  of  the  fever  and  of  arti- 
ficially produced  temperature. 

In  1884  Aronson  and  Sachs  raised  the  body  temperature  of  a 
rabbit  by  means  of  a  well  known  "  Waerme-stich."  I  found,  how- 
ever, that  it  was  not  satisfactory  for  my  purpose.  Therefore  I 
adopted  the  method  of  heating  the  animals  in  a  well  ventilated 
incubator.  The  animal  was  put  into  the  incubator  for  12  hours 
several  times,  with  intervals  of  15  to  60  minutes.  The  animal 
.was  taken  out  and  cooled  whenever  it  became  overheated.  The 
results  are  given  in  Tables  V  and  VI. 

11  Schultze,  O.,  Arch.  exp.  Path.,  1900,  xliii,  193.  Koch,  C.  F.  A.,  Z. 
Biol.,  1883,  xix,  447.  Simanowsky,  N.  P.,  ibid.,  1885,  xxi,  1.  Richter,P., 
Arch.  path.  Anat.  u.  Physiol.,  1891,  cxxiii,  118. 
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TABLE  V. 

Experiment  1.    Rabbit,  2,260  Gm. 


o 


1 
2 
3 
4 
5 


Date. 


1916 

Apr.  12 
"  13 
"  14 
"  15 
"     16 


Temperature. 

24  hr 
urine 

Phenol 
fed. 

Total  sul- 
fate as 
BaSO«. 

Conjugated 
sulfuric 
acid  as 
BaS04. 

8  a.m. 

6  p.m. 

•c. 

•c. 

ee. 

Qtn. 

Qlfi. 

gm. 

38.5 

38.4 

300 

0 

0.3704 

0.0582 

38.3 

38.4 

320 

0.3 

0.3063 

0.1709 

38.4 

38.2 

300 

0 

0.1665 

0.0413 

38.2 

38.5 

265 

0 

0.2109 

0.0339 

* 

160 

0.3 

0.4569 

0.1453 

Ratio  of 
conjugated 

sulfuric 
acid  to  total 
sulfate. 

percent 

15.7 

55.8 
24.8 
16.1 
31.8 


*The  maximal  temperature  of  the  animal  was  42.5°  and  the  minimal 
39.0°.  The  range  of  temperature  showed  frequent  variations  between 
these  points. 


6 

7 


17 
18 


38.4 
38.1 


38.2 
38.6 


200 
280 


0 
0 


0.1720 
0.2262 


0.0356 
0.0291 


20.7 
12.9 


Experiment  t.    Rabbit,  1,880  Gm. 


1 

Apr.  26 

38.5 

38.5 

220 

0 

0.4356 

0.0534 

12.3 

2 

"     27 

38.8 

38.3 

235 

0.2 

0.3694 

0.1978 

53.5 

3 

"     28 

37.9 

38.5 

275 

0 

0.3971 

0.0495 

12.5 

4 

"     29 

38.4 

38.3 

170 

0 

0.3277 

0.0455 

13.9 

5 

"     30 

* 

95 

0.2 

0.3891 

0.1368 

35.2 

*  The  maximal  temperature  of  the  animal  was  42.8°  and  the  minimal 
38.8°.  The  range  of  temperature  showed  frequent  variations  between 
these  points. 


6 

.  7 

May    1 
"       2 

37.7 
37.9 

38.2 
38.0 

170 
115 

0 
0 

0.2771 
0.3661 

0.0306 
0.0336 

11.0 
9.2 

TABLE  V— Continued. 

Experiment  5.    Rabbit,  2,040  Gm. 


Date. 

Temperature. 

24  hr. 
urine. 

Phenol 
fed. 

Total  sul- 
fate as 
BaSOi. 

Conjugated 
Bulfurio 
acid  aa 
BaS04. 

Ratio  of 

conjugated 

sulfurio 

6 

3a.m. 

6  p.m. 

acid  to  total 
sulfate 

1 
2 
3 
4 
5 

1916 

May    1 
«       2 
"       3 

"       4 
"       5 

•c. 

38.2 
37.5 
37.3 

37.9 

* 

•c. 

37.7 
38.0 
38.5 
38.2 

cc. 

245 
250 
210 
240 
55 

gm. 

0 
0.3 

0 

0 
0.3 

gm. 

0.2744 
0.3613 
0.3024 
0.2842 
0.2739 

gm. 

0.0374 
0.2663 
0.0336 
0.0374 
0.1555 

per  cent 

13.6 
73.7 
11.1 
13.2 
56.8 

*The  maximal  temperature  of  the  animal  was  43.0°  and  the  minimal 
38.5.°  The  range  of  temperature  showed  frequent  variations  between 
these  points. 


6 

7 


« 


6 

7 


37.0 
37.5 


38.2 
38.2 


140 
160 


0 
0 


0.2912 
0.2688 


0.0445 
0.0288 


15.3 
10.7 


A 

Experiment  4.    Rabbit,  1,660  Gm. 

1 

May  11 

37.4 

38.0 

175 

0 

0.4732 

0.0707 

14.9 

2 

"     12 

37.9 

37.8 

300 

0.2 

0.2376 

0.1908 

80.3 

3 

"     13 

37.6 

38.3 

225 

0 

0.1602 

0.0233 

14.5 

4 

"     14 

38.1 

38.1 

210 

0 

0.2310 

0.0239 

10.3 

5 

"     15 

* 

130 

0.2 

0.4888 

0.1808 

37.0 

*  The  maximal  temperature  of  the  animal  was  43.0°  and  the  minimal 
38.0°.  The  range  of  temperature  showed  frequent  variations  between  these 
points. 


6 

7 


u 

It 


16 
17 


37.4 
37.4 


38.4 
38.1 


100 
220 


0 
0 


0.4084 
0.4250 


0.0456 
0.0422 


11.2 
9.9 


Experiment  5.    Rabbit,  8,080  Gm. 


1 

May  18 

38.0 

38.2 

225 

0 

0.1096 

0.0143 

13.0 

2 

"     19 

37.8 

38.0 

255 

0.3 

0.4223 

0.3953 

93.6 

5 

"     20 

37.5 

38.2 

255 

0 

0.1107 

0.0333 

30.1 

4 

"     21 

37.4 

38.2 

225 

0 

0.1935 

0.0306 

15.8 

5 

"     22 

* 

95 

0.3 

0.3504 

0.1691 

48.3 

*The  maximal  temperature  of  the  animal  was  42.8°  and  the  minimal 
38.8°.  The  range  of  temperature  showed  frequent  variations  between 
these  points. 


6 

7 


« 


23 
24 


37.3 
37.5 


38.0 
38.5 


275 
220 


0 
0 


0.1683 
0.2772 


0.0391 
0.0317 


23.2 
11.4 


315 


316 
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TABLE  VI. 
Experiment  1.    Rabbit,  8,4*0  Om. 


& 


1 
2 
3 
4 


Date. 


1916 

Mar.  19 
20 
21 
22 


u 


(t 


it 


Temperature. 

24  hr.  urine. 

Chloral  hy- 
drate fed. 

Rotation 
calculated 
on  the  24 
hr.  urine. 

8.90  a.m. 

6  p.m. 

•c. 

•c. 

ee. 

Qtn. 

min. 

39.0 

38.4 

225 

0.5 

39.2(a) 

37.8 

38.8 

300 

0 

0 

38.0 

38.8 

230 

0 

0 

* 

90 

0.5 

25.9(b) 

Difference 

between 

(a)  and  (b). 


per  cent 


33.9 


♦The  maximal  temperature  of  the  animal  was  43.0°  and  the  minimal 
37.8°.  The  range  of  temperature  showed  frequent  variations  between 
these  points. 


5 
6 


23 
24 


37.8 
38.2 


38.2 
38.3 


160 
255 


0 
0 


0 
0 


Experiment  8. 

Rabbit,  8,900  Om. 

1 

2 

Mar.  21 
"     22 

37.8 
38.0 

38.0 
38.5 

225 
265 

0.4 
0 

43.2 
8.0 

3 
4' 

"     23 
"     24 

38.0  • 

* 

38.3 

300 
115 

i 

0 
0.4 

51.2(a) 

0 
24.2(b) 

52.7 

*  The  maximal  temperature  of  the  animal  was  42.0°  and  the  minimal 
38.0°.  The  range  of  temperature  showed  frequent  variations  between 
these  points. 


5 
6 


tt 


25 
26 


37.8 
38.5 


38.5 
38.4 


320 
250 


0 
0 


0 
0 


Experiment  5.    Rabbit,  8,700  Gm. 


1 
2 
3 
4 


Mar.  27 
"  28 
"  29 
"     30 


38.8 

38.0 

160 

0.5 

50.9(a) 

38.0 

38.8 

180 

0 

0 

38.4 

38.2 

215 

0 

0 

* 

80 

0.5 

25.0(b) 

50.9 


*  The  maximal  temperature  of  the  animal  was  42.8°  and  the  minimal 
38.8°.  The  range  of  temperature  showed  frequent  variations  between 
these  points. 


5 
6 


11     31 
Apr.     1 


36.8 
37.3 


38.0 
38.2 


230 
150 


0 
0 


0 
0 


Hiizu  Ito 
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TABLE  VI— Continued. 

Experiment  4»    Rabbit,  1,870  Gm. 


I 


1 
2 
3 
4 


Date. 


1915 

Mar.  28 
"  29 
"  30 
"     31 


Temperature. 

24  hr.  urine. 

Chloral  hy- 
drate fed. 

Rotation 
calculated 
on  the  24 
hr.  urine. 

8:30  a.m. 

6  p.m. 

°C. 

•c. 

ce. 

gm. 

min. 

38.9 

38.4 

165 

0.4 

38.6(a) 

38.2 

38.8 

190 

0 

0 

38.4 

38.6 

175 

0 

0 

* 

110 

0.4 

24.4(b) 

Difference 

between 

fa)  and  (b). 


percent 


36.8 


*  The  maximal  temperature  of  the  animal  was  43.2°  and  the  minimal 
38.7°.  The  range  of  temperature  showed  frequent  variations  between  these 
points. 


5 
6 


Apr.     1 
2 


M 


38.0 
37.8 


38.6 
39.0 


120 
195 


0 
0 


0 
0 


Experiment  6.    Rabbit,  2,120  Gm. 


1 
2 
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*  The  maximal  temperature  of  the  animal  was  43.3°  and  the  minimal  38.3°. 
The  range  of  temperature  showed  frequent  variations  between  these 
points. 


85      I        0        I        0        I 
Animal  died  at  10  a.m.  Apr.  14. 


From  these  results  we  may  conclude  that  the  high  temperature 
artificially  produced  in  the  animal  also  markedly  prevented  the 
synthetic  process  of  the  acids. 

During  these  experiments  the  treated  animal  does  not  eat  as 
much  as  usual,  so  it  may  be  that  the  lack  of  food  affects  the  re- 
sults. But  this  may  not  be  the  case.  For  the  decomposed  pro- 
ducts of  proteins  do  not  decrease  even  in  the  case  of  a  10  day 
starvation  in  man.12    In  the  case  of  the  rabbit,  however,  it  takes 


11  Von  Noorden,  C,  Handb.  path.  Stoffwechseh,  Berlin,  2nd  edition,  1906, 
i,  529. 
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some  food  even  during  the  experimental  period,  or  a  strong  rab- 
bit loses  no  appetite  at  all.  And,  according  to  Fenyvessy,1* 
conjugated  glucuronic  acids  as  camphoglucuronic  acid  and  uro- 
chloralic acid  are  excreted  as  usual  even  &t  the  time  of  starvation 
of  a  rabbit.  For  these  reasons  we  may  conclude  that  the  lack  of 
food  does  not  affect  the  synthetic  process  of  both  acids  in  the 
treated  animal. 

From  the  results  of  the  three  series  of  experiments  it  may  be 
seen  that  in  each  case  the  synthesis  of  both  acids  was  remarkably 
inhibited;  that  is,  high  and  low  temperatures  and  fever  act  un- 
favorably on  these  syntheses.  As  to  the  mechanism  through 
which  temperature  changes  affect  these  processes,  further  inves- 
tigations are  required. 

SUMMARY. 

1.  In  rabbits  in  which  abnormal  temperatures  are  induced  by 
chilling  in  water,  warming  in  hot  air,  or  creating  fever  by  pus  in- 
jections, the  power  of  synthesizing  ethereal  sulfuric  and  urochlo- 
ralic acids  in  the  animal  body  is  decreased. 

2.  The  stronger  the  cooling  and  warming  and  the  higher  the       ^>A 
fever,  the  more  the  conjugating  function  is  prevented. 

3.  The  lack  of  food  in  the  experiments  is  not  related  to  the 
decreased  synthesis  of  the  acids. 

11  Fenyvessy,  B.  v.,  Jahresber.  Tierchem.,  1905,  xxxiv,  759. 
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Among  the  items  of  evidence  in  favor  of  the  view  that  the 
human  organism  possesses  the  ability  to  destroy  uric  acid  is  the 
observation  of  Schittenhelm  and  Wiener,1  who  reported  the 
analysis  of  the  tissues  of  a  man  who  died  after  6  days'  complete 
suppression  of  urine,  the  result  of  bilateral  thrombotic  occlusion 
of  the  renal  arteries.  For  analysis  were  used  1,385  gm.  lung, 
250  gm.  heart,  250  gm.  spleen,  1,785  gm.  liver.  First,  200  gm. 
samples  of  each  were  analyzed,  and  no  uric  acid  was  found.  The 
rest  of  the  tissues  were  then  united  and  analyzed,  and  10  mg.  of  , 
uric  acid  obtained. 

As  control  they  cite  analysis  of  tissues  from  a  girl,  16  years  old, 
dead  from  pernicious  anemia.  One  portion  analyzed  consisted 
of  822  gm.  liver,  602  gm.  lung,  177  gm.  .heart,  and  90  gm.  spleen; 
the  other  consisted  of  177  gm.  kidney  and  435  gm.  intestine. 
From  neither  could  any  uric  acid  be  isolated.  Also  tissues  from 
a  man  with  gout  were  analyzed;  10  mg.  uric  acid  were  recovered 
from  the  spleen  and  15  mg.  from  the  lungs,  but  none  whatever 
from  the  liver,  muscle,  intestine,  or  kidneys. 

These  findings  they  interpret  as  indicating  that  uric  acid  is 
destroyed  in  the  human  body,  for  it  is  argued  that  since  human 
liver  can  form  uric  acid  from  xanthine,  and  since  it  is  known 
that  the  human  organism  can  convert  food  purines  into  uric  acid, 
.  there  should  be  an  appreciable  retention  of  this  uric  acid  and  an 
accumulation  in  the  tissues  during  6  days  total  anuria. 

"Die  Versuche,  besonders  das  Fehien  grosserer  Harns&uremengen  in 
den  Organen  bei  totaler  Anurie,  scheinen  uns  ein  weiterdr  Beweis  gegen 

1  Schittenhelm,  A.,  and  Wiener,  K.,  Z.  ex  p.  Med.,  1914,  iii,  397. 
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die  Annahme  der  Unzerstorbarkeit  der  Harnsaure  in  menschlichen  Organis- 
mus  zu  sein.  Sie  stehen  im  Einklang  mit  alien  Analysen,  welche  von 
Organen  uberhaupt,  auch  menschlichen,  angestellt  wurden.  Nie  konnte 
man  erhebliche  Harnsauremengen  nachweisen." 

While  it  must  be  admitted  that  the  inference  drawn  is  in  har- 
mony with  the  observation,  nevertheless  the  failure  to  isolate 
uric  acid  from  the  tissues  is  by  no  means  proof  that  destruction  of 
uric  acid  has  taken  place  in  the  body.  Other  possibilities  must 
be  considered.  Uric  acid  that  cannot  be  eliminated  by  the 
kidneys  may  be  excreted  by  the  bowel,  which  acts  vicariously 
in  renal  deficiency.  In  the  case  of  renal  thrombosis  described, 
no  examination  of  the  feces  for  uric  acid  was  made,  and  even  if 
such  examination  had  disclosed  the  absence  of  uric  acid  from  the 
feces,  its  excretion  into  the  bowel  would  not  be  excluded,  since 
bacterial  decomposition  might  have  removed  it  after  being  thus 
excreted.2 

Furthermore,  the  failure  of  Schittenhelm  and  Wiener  to  isolate 
any  considerable  quantity  of  uric  acid  from  the  tissues  after  6 
days*  anuria,  even  if  there  were  no  vicarious  excretion,  is  not  in 
the  least  surprising.  A  patient  with  anuria  after  a  severe  oper- 
ation, as  in  their  patient,  is  usually  receiving  or  assimilating 
little  nourishment  and  especially  little  containing  nucleoproteins. 
Hence  he  is,  as  far  as  exogenous  purine  goes,  practically  on  a  pur- 
ine-free  diet,  if  not  actually  starved.  The  daily  output  of  endog- 
enous uric  acid  on  a  purine-free  diet  is  given  by  some  observers 
as  about  200  to  300  mg.,  making  a  total  for  6  days  of  1.2  tol.8  gm. 
According  to  the  figures  of  Schittenhelm  and  Wiener  their  final 
analysis  was  made  on  1,185  gm.  lung,  50  gm.  heart,  50  gm.  spleen 
and  1,585  gm.  liver,  a  total  of  2,870  gm.  If  we  assume  that  the 
retained  uric  acid  is  deposited  equally  in  all  tissues,  we  might 
expect  to  find  in  a  man  of  average  size,  say  70  kilos,  about  4  per 
cent  of  the  total  uric  acid  accumulation  in  the  2.87  kilos  of  tissue 
examined,  or  but  48  to  72  mg.  But  the  evidence  furnished  by 
gout  leads  to  the  inference  that  uric  acid  is  not  uniformly  dis- 
tributed, but  is  deposited  chiefly  in  the  relatively  avascular 
tissues,  notably  cartilage  and  periarticular  fibrous  tissues,  rather 
than  in  the  highly  vascular  tissues  used  in  this  analysis.     We 

*  Siv6n,  V.  O.,  Arch.  ges.  Physiol.,  1914,  clyii,  582. 
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certainly  have  no  reason  to  expect  retained  uric  acid  to  be  de- 
posited especially  in  the  liver  and  lungs,  and  we  have  the  facts 
of  gout  deposition  to  indicate  that  these  tissues  would  not  give 
a  fair  picture  of  the  total  retention  of  uric  acid.  Hence,  recovery 
of  10  mg.  uric  acid  from  the  viscera  examined  by  the  methods 
available  for  isolation  of  uric  acid  from  larger  quantities  of  admixed 
purines  is  by  no  means  proof  that  uric  acid  has  been  destroyed 
by  the  tissues. 

The  statement  that  no  uric  acid  can  be  isolated  from  tissues 
("Nie  konnte  man  erhebliche  Harnsauremengen  nachweisen")  is 
evidence  that  the  methods  are  probably  inadequate,  rather  than 
that  there  are  not  measurable  amounts  of  uric  aci{J  present.  The 
colorimetric  method  of  Folin  and  Denis  and  its  modifications 
indicate  that  human  blood  normally  contains  2  to  3  mg.  per  100 
cc,  and  presumably  the  tissues  are  not  free  from  uric  acid  if  the 
blood  contains  this  much.  Fine,8  who  discusses  the  work  of 
Schittenhelm  and  Wiener,  reports  a  series  of  analyses  of  viscera 
by  this  method,  which  indicate  the  presence  of  from  1.2  to  5  mg. 
of  uric  acid  per  100  gm.  of  various  tissues,  either  normal  or  from 
persons  dying  of  disease  not  associated  with  nephritis.  On  the 
other  hand,  in  three  cases  of  uremia  relatively  large  quantities 
of  uric  acid  were  indicated  in  the  blood  and  tissues  by  the  colori- 
metric method.  In  the  blood  the  estimate  was  from  14.3  to 
17.0  mg.  uric  acid  per  100  gm.,  as  contrasted  with  0.7  mg.  in  each 
of  three  other  non-nephritic  cases.  The  various  viscera  contained 
from  7.3  to  18.0  mg.  per  100  gm.,  and  the  skeletal  muscle  from 
3.9  to  8.0  mg.  Exudates  showed  figures  comparable  to  the  blood. 
In  other  cases  of  nephritis,  blood  drawn  during  life  and  examined 
colorimetrically  has  regularly  shown  high  uric  acid  content,  up 
to  27  mg.  per  100  cc.4  If  the  colorimetric  method  is  at  all  re- 
liable, Fine's  figures  and  those  obtained  by  others  show  that  when 
the  kidneys  are  even  partly  out  of  function  there  does  occur  a 
noteworthy  retention  of  uric  acid  in  the  blood  and  tissues.  This 
fact  is  obviously  not  in  harmony  with  the  deductions  drawn  by 
Schittenhelm  and  Wiener. 

For  some  time  I  have  been  waiting  for  an  opportunity  to  secure 
suitable  material  from  a  case  of  complete  anuria,  in  order  to  learn 

8  Fine,  M.  S.,  /.  Biol.  Chem.,  1915,  xxiii,  471. 

4  Myers,  V.  C,  and  Fine,  M.  S.,  Arch.  Int.  Med.,  1916,  xvii,  570. 
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whether  uric  acid  can  be  isolated  in  greater  quantities  from  the 
tissues  in  this  condition  than  when  urine  is  being  secreted  nor- 
mally. This  seemed  necessary  if  the  discrepancy  between  Schitten- 
helm's  conclusions  and  the  observations  of  Fine  is  to  be  explained. 
For  the  colorimetric  method  gives  only  presumptive  evidence  of 
uric  acid,  since,  theoretically,  the  characteristic  reaction  might 
be  given  by  other  substances.  Only  actual  isolation  of  the  pure 
crystalline  uric  acid,  with  qualitative  and  quantitative  evidence 
of  its  identity,  can  establish  positively  the  presence  of  this  sub- 
stance in  the  tissues  in  considerable  quantities.  One  case  was 
finally  obtained  that  permitted  study  of  this  matter. 

A  young  woman,  previously  in  good  health,  took  about  17 
grains  of  bichloride  of  mercury.  Immediately  thereafter  she  was 
taken  to  the  Presbyterian  Hospital,  where  she  lived  9  days  under 
close  observation.  During  the  entire  time  she  excreted  but 
96  cc.  of  urine  in  spite  of  intravenous  injections  of  alkaline  salt 
solution  (Fischer's  solution)  and  hypertonic  sugar  solution,  and 
renal  decapsulation.  Autopsy  was  performed  less  than  1  hour 
after  death  by  Dr.  B.  O.  Raulston,  who  kindly  preserved  the 
organs  and  blood  for  me  on  ice.  The  following  tissues  were 
analyzed  for  uric  acid : 

gm. 

Blood 1,750 

Liver 1,350 

Intestine  and  stomach 1,100  Emptied  but  not  washed. 

Mixed  viscera. 1,650  Consisting   approximately  of 

lungs  (very. edematous),  1,000 
gm.;  muscle,  250  gm.;  spleen, 
125  gm.;  one  kidney,  150  gm.; 
uterus  and  ovaries,  125  gm. 

These  tissues  were  ground,  boiled  in  several  liters  of  water, 
made  faintly  alkaline  with  NaOH,  and  almost  immediately  acidi- 
fied slightly  with  acetic  acid,  to  ensure  solution  of  uric  acid  without 
destruction  by  the  action  of  alkali.  The  coarser  materials  were 
strained  off  through  cloth,  and  reextracted.  The  extracts  were 
filtered  hot  and  concentrated  to  about  1  liter  each,  and  again 
filtered.  As  there  was  much  gelatin  in  the  extracts  from  the 
intestines  and  the  mixed  viscera, *these  were  boiled  with  7  per 
cent  HoS04  (to  break  up  the  colloids),  then  neutralized  and 
filtered. 
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All  four  extracts  were  then  analyzed  for  uric  acid  by  precipi- 
tating the  purines  with  copper  according  to  the  Kruger-Salomon 
method,  and  after  freeing  the  purines  with  H*S  they  were  again 
precipitated  with  ammoniacal  silver  chloride.  The  silver  salts 
were  decomposed  with  HC1  and  the  filtrates  concentrated  to 
about  100  cc.  to  let  uric  acid  crystallize  out.  From  the  mixed 
viscera  there  separated  out  0.097  gm.  of  typical  uric  acid  crys- 
tals, giving  the  murexide  test  characteristically.  A  few  crystals 
resembling  uric  acid  also  came  out  from  the  blood,  but  not  enough 
to  weigh,  and  this  material  was  not  removed  from  the  solutions. 
The  HC1  was  removed  from  the  four  solutions  by  evaporating 
first  to  a  small  volume,  then  to  dryness  after  rediluting  several 
times;  the  solutions  were  then  made  up  to  200  cc.  each,  and  the 
uric  acid  was  estimated  colorimetrically  by  Folin's  phosphotungstic 
acid  method,  using  uric  acid  dissolved  in  pyridine  as  the  standard. 
The  figures  obtained  indicated  the  presence  in  the  solutions  of 
the  following  amounts  of  uric  acid. 

gm. 

Intestine 0.064    =»  6     mg.  per  100  gm. 

Blood 0.044    -  2.5   "       "   100     " 

Liver 0.0135  -  1.0  "       "  100     " 

Mixed  viscera 0.0225  (after  removal  of  0.097 

gm.  uric  acid  by  crystallization.) 

After  making  this  determination,  uric  acid  was  sought  directly 
by  evaporating  the  purine  solutions  to  dryness,  extracting  at 
room  temperature  with  about  200  cc.  of  water  to  remove  the  more 
soluble  materials.  These  water  extracts  gave  no  murexide 
test  except  that  from  the  mixed  viscera  which  gave  a  faint  reaction. 

The  insoluble  material  was  dried,  dissolved  in  a  minimum 
quantity  of  concentrated  H2SO4,  filtered  through  dry  asbestos, 
and  diluted  with  3  to  4  volumes  of  water.  From  the  blood  was 
obtained  a  crop  of  typical  uric  acid  crystals,  weighing  0.020  gm., 
which  corresponded  with  0.025  gm.  in  the  original  material 
when  allowance  was  made  for  losses  by  sampling,  etc.,  but  with- 
out correction  for  solubility. 

From  the  mixed  viscera  was  obtained  a  mass  of  crystalline 
material,  which  on  repurifying  yielded  0.069  gm.  uric  acid.  With 
the  previous  yield  from  this  solution,  in  all  0.166  gm.  pure  uric 
acid  crystals  were  obtained.     This  makes  no  allowance  for  losses 


324  Uric  Acid  in  Tissues 

in  the  purification,  which  must  have  been  considerable.  All 
fractions  had  the  typical  crystalline  form,  and  gave  the  murexide 
reaction  typically.  Analysis  for  nitrogen  by  Kjeldahl  gave 
figures  corresponding  exactly  to  pure  uric  acid. 

It  will  be  noted  that  although  the  colorimetric  estimation  of 
this  solution  indicated  the  presence  of  22.5  mg.  uric  acid,  there 
were  actually  recovered  69  mg.  From  the  blood,  which  was 
estimated  colorimetrically  as  containing  44  mg.  uric  acid,  there 
were  recovered  25  mg. 

From  the  intestine  no  uric  acid  could  be  recovered,  although 
colorimetrically  this  solution  was  estimated  as  having  the  highest 
content,  64  mg.,  an  amount  that  should  have  been  recovered, 
at  least  in  part.  A  small  amount  of  guanine  and  xanthine  were 
recovered,  neither  of  which  preparation  gave  either  a  murexide 
test  or  an  appreciable  reaction  with  the  Folin  reagent. 

The  liver  extract  also  failed  to  yield  any  uric  acid  crystals,  as 
might  have  been  expected  from  the  low  content  indicated  colori- 
metrically (13.5  mg.).  A  small  xanthine  fraction  was  obtained 
which  gave  no  murexide  test,  but  did  give  a  slight  reaction  with 
Folin's  reagent. 

Hence  we  have  positively  isolated  considerable  amounts  of 
uric  acid  from  the  tissues  of  a  girl  suffering  from  total  anuria  for 
9  days.  Unquestionably  the  amounts  recovered  are  consider- 
ably less  than  those  actually  present.  That  the  uric  acid  re- 
covered was  not  formed  through  postmortem  changes  is  shown 
by  the  following  facts:  (1)  The  liver,  which  is  the  only  human 
tissue  that  has  been  found  capable  of  oxidizing  xanthine  to  uric 
acid  in  vitro,  contained  the  least  uric  acid.  (2)  Several  other 
bodies  examined  at  similar  and  longer  periods  after  death  have 
yielded  little  or  no  uric  acid  by  the  same  methods.  It  may  be 
suggested  that  the  bichloride  poisoning  may  have  prevented 
destruction  of  uric  acid.  This  seems  improbable  in  view  of  the 
following  facts:  (1)  The  chief  seat  of  uricolysis  in  mammals 
possessing  this  capacity  is  in  the  liver,  which  is  relatively  little 
affected  by  bichloride.  (2)  The  liver  of  dogs  and  cats,  killed  by 
bichloride  and  other  metallic  poisons,  destroys  uric  acid  apparently 
as  well  as  normal  livers.5     (3)  The  liver  loses  none  of  its  uri- 

8  Unpublished  observations. 
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colytic  power  in  these  animals  even  when  the  seat  of  the  most 
severe  fatty  changes  that  can  be  produced  experimentally.8 
As  controls  the  following  analyses  were  made. 

1.  1,240  gm.  of  blood  were  removed  from  the  well  preserved  body  of  a 
man,  who  died  of  croupous  pneumonia,  and  was  autopsied  24  hours  after 
death.  There  were  the  usual  acute  renal  changes  of  pneumonia,  but  no 
chronic  nephritis. 

Analysis  was  conducted  by  the  same  method  as  above,  but  no  uric  acid 
could  be  isolated. 

2.  The  body  of  a  colored  man  who  died  of  generalized  tuberculosis,  with 
very  slight  chronic  interstitial  nephritis,  was  autopsied  12  hours  after 
death,  and  the  following  samples  taken  for  analysis:  blood,  379  gm.,  liver, 
1,341  gm.,  other  viscera,  2,173  gm.  including  intestine  (cleaned  and  washed), 
lungs,  spleen,  diaphragm,  kidneys,  and  stomach. 

Analysis  was  conducted  as  before.  From  none  of  these  materials  could 
any  recognizable  uric  acid  be  recovered  by  the  most  thorough  examination 
and  reexamination,  although  definite  murexide  reactions  were  given  by  all 
samples. 

3.  Autopsy  5  hours  after  death  of  a  man  dying  of  uncomplicated  lobar 
pneumonia.  For  analysis  used:  blood,  790  gm.,  liver,  1,650  gm.,  viscera, 
2,070  gm.,  including  the  uninvolved  lung,  kidneys,  spleen,  muscle,  pancreas, 
bladder  (washed  thoroughly),  prostate,  testicles,  esophagus,  rectum 
(washed),  and  trachea. 

No  uric  acid  crystals  could  be  obtained  from  the  blood.  By  mistake 
the  liver  and  viscera  fractions  became  united.  The  insoluble  purines 
were  purified  by  Horbaczewski's  method,  and  26  mg.  pure  uric  acid  crys- 
tals were  recovered  after  twice  repurifying.  This  represented  a  consider- 
ably larger  amount  of  uric  acid  actually  present,  since  much  must  have 
been  lost  in  the  repeated  repurification.  The  material  gave  the  typical 
murexide  reaction. 

As  pneumonia  is  a  disease  in  which  there  occurs  a  high  uric  acid  output7 
because  of  the  destruction  of  large  amounts  of  leukocytes,  and  also  is 
commonly  accompanied  by  a  decreased  renal  function,  the  successful 
demonstration  of  a  small  amount' of  uric  acid  in  this  material  is  not  sur- 
prising. 

4.  The  body  of  a  man  dying  of  a  cerebral  tumor  (glioma)  with  practic- 
ally no  pathological  changes  elsewhere  in  the  body  was  examined  9  hours 
after  death.  The  following  tissues  were  analyzed  together:  liver,  560 
gm.,  spleen,  120  gm.,  kidney,  160  gm.,  intestine,  480  gm.,  lung,  340  gm. 

Analysis  by  the  same  method  as  before  yielded  no  crystalline  uric  acid, 
although  a  good  murexide  test  was  given  by  a  portion  of  the  purine  solution. 

•  Wells,  H.  G.,  J.  Exp.  Med.,  1910,  xii,  607. 

7Kocher  {DeuUch.  Arch.  klin.  Med.,  1914,  cxv,  380)  found  high  figures 
for  uric  acid  in  the  blood  in  pneumonia,  up  to  6.48  mg.  per  100.  cc. 
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The  result  of  these  analyses  is  definite.  After  practically 
complete  suppression  of  urine  for  a  period  of  9  days,  despite  a 
practically  purine-free  diet  and  approximate  fasting  during  that 
period,  the  tissues  contained  relatively  large  amounts  of  uric 
acid  which  could  be  readily  isolated  pure  in  quantities  sufficient 
for  analysis.  In  four  other  bodies  of  persons  dying  with  either 
approximately  normal  or  but  slightly  impaired  renal  function, 
little  or  no  uric  acid  could  be  recovered  by  the  same  methods. 
It  is  therefore  certain  that  after  complete  suppression  of  urine 
there  may  occur  an  accumulation  of  uric  acid  in  the  tissues  not 
observed  in  the  bodies  of  persons  whose  kidneys  are  function- 
ing. Such  an  observation  is  not  in  favor  of  the  hypothesis  that 
the  human  body  has  the  power  of  destroying  uric  acid,  although 
it  is  by  no  means  conclusive  evidence  to  the  contrary.  It  does, 
however,  controvert  the  evidence  advanced  by  Schittenhelm 
and  Wiener  that  such  retention  of  uric  acid  does  not  result  from 
suppression  of  renal  excretion. 


THE  FATE  OF  INGESTED  STARCH  IN  PHLORfflZIN 

DIABETES. 

By  FRANK  A.  CSONKA. 
(From  the  Laboratory  of  Dr.  J.  P.  McKelvy,  Pittsburgh.) 

(Received  for  publication,  July  26,  1916.) 

Glucose  given  per  os  to  phlorhizinized  dogs  appears  practically 
quantitatively  in  the  urine  as  shown  by  Lusk  and  his  collabora- 
tors.1 Since  starch  is  hydrolyzed  before  absorption  to  glucose, 
it  was  deemed  of  sufficient  interest  to  determine  the  quantitative 
relationship  existing  between  the  glucose  derived  from  starch 
and  glucose  derived  from  ingested  glucose.  Wheat  flour  and 
oatmeal  were  used  in  feeding;  the  amount  of  flour  fed  contained 
16  to  20  gm.  of  starch. 

The  carbohydrates  present  in  flour,  in  addition  to  starch,  are 
cellulose  and  pentose;  both  of  the  latter,  as  shown  by  Lusk4  and 
by  Brasch,3  are  not  gly oogenetic .  In  the  following  experiments 
it  was  found  that  more  "extra  glucose7 '  was  eliminated  than 
could  be  accounted  for  by  the  amount  of  starch  given ;  the  excess 
could  easily  be  explained  by  the  presence  of  the  protein  in  the 
flour. 

EXPERIMENTAL   PART. 

Dogs  were  used  in  the  experiments.  After  2  days  of  fasting, 
the  dogs  were  given  daily  subcutaneous  injections  for  6  days  of 
1.2  gm.  of  phlorhizin  suspended  in  10  cc.  of  olive  oil.  The  experi- 
ment was  performed  on  the  5th  day  of  phlorhizination.  Periods 
of  urine  collection  were  separated  by  catheterization  and  wash- 
ing out  the  bladder  with  2.5  per  cent  boric  acid  solution.  The 
food  was  prepared  by  mixing  (wheat  flour  and  oatmeal)  each 

1  Reiily,  F.  H.,  Nolan,  F.  W.,  and  Lusk,  G.,  Am.  J.  Physiol.,   1898,    i, 
395.    Csonka,  F.  A.,  J.  Biol.  Chem.,  1915,  xx,  539. 
1  Lusk,  G.,  Am.  J.  Physiol. ,  1902,  vi,  p.  xiii. 
» Brasch,  W.,  Z.  Biol.,  1008,  1,  113. 

327 


328 


Phlorhizin  Diabetes 


with  200  cc.  of  water,  warming  for  30  minutes  on  the  water 
bath,  followed  by  cooling;  it  was  eaten  voluntarily  by  the  ani- 
mals. The  analysis  of  the  flour  used  in  the  experiments  is  given 
in  the  following  table. 


TABLE  I. 


• 

In  100  Gm 

i.  of  Material. 

Moisture. 

Starch. 

Nitrogen. 

Protein 
N  X  o.25. 

Wheat  flour 

12.14 
11.73 

75.18 
66.24 

1.94 

2.50 

12.12 

Oatmeal. .    

15.63 

The  moisture  was  determined  in  vacuo  at  78°C.  until  a  con- 
stant weight  was  obtained.  The  starch  was  determined  by  con- 
verting it  to  glucose  by  boiling  with  1.5  per  cent  solution  of  HC1 
for  3  hours  in  a  water  bath.  The  nitrogen  was  estimated  by 
the  Kjeldahl  method  and  the  glucose  by  the  Allihn  method.  The 
nitrogen  and  the  glucose  of  the  urine  were  determined  respect- 
ively by  the  Kjeldahl  and  the  Pavy  methods;  a  polariscopic 
control  was  made  for  the  latter.  For  the  calculation  of  the 
"extra  glucose"  the  method  of  Lusk  was  employed.  The  results 
of  the  feeding  experiments  are  shown  in  Table  II. 


SUMMARY. 


Starch  given  to  completely  phlorhizinized  dogs  is  not  utilized 
but  is  eliminated  quantitatively  in  the  urine  as  "extra  glucose." 
There  was  not  observed  any  difference  in  the  failure  to  utilize 
the  starch  of  wheat  flour  and  the  starch  of  oatmeal. 
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EXPERIMENTAL  STUDIES  ON  CREATINE  AND 

CREATININE. 

V.  PROTEIN  FEEDING  AND  CREATINE  ELIMINATION  IN 

PANCREATIC  DIABETES.* 

By  WILLIAM  C.  ROSE. 

(Front  the  Laboratories  of  Biological  Chemistry  of  the  University  of  Pennsyl- 
vania, Philadelphia,  and  of  the  University  of  Texas,  Galveston.) 

(Received  for  publication,  July  10,  1916.) 

The  influence  of  diet  on  creatine  and  creatinine  elimination  has 
been  the  subject  of  numerous  investigations  in  recent  years. 
Among  the  earlier  contributions  were  those  of  Cathcart1,2  in  which 
it  was  shown  that  the  elimination  of  creatine  in  man  during  inani- 
tion is  inhibited  by  the  ingestion  of  carbohydrates.  This  work  was 
subsequently  extended  by  Mendel  and  Rose,8  who  advanced  the 
theory  that  carbohydrate  metabolism  is  in  some  way  intimately 
associated  with  the  conversion  of  creatine  into  creatinine.  As  a 
result  of  this  interrelationship  between  the  utilization  of  carbo- 
hydrates and  the  conversion  of  creatine  into  the  anhydride,  it  was 
pointed  out  by  Mendel  and  Rose  that  all  conditions  which  inter- 
fere with  the  glycogenic  function  of  the  liver,  or  which  render 
the  organism  unable  to  oxidize  sugar,  lead  to  the  appearance  of 
creatine  in  the  urine.  On  the  other  hand,  in  man  and  rabbits, 
the  oxidation  of  fat  in  the  absence  of  carbohydrates  has  no  influ- 
ence on  the  creatine  elimination  during  starvation. 

*  The  earlier  papers  of  this  series  were  published  as  follows :  Mendel,  L. 
B.,  and  Rose,  W.  C,  J.  Biol  Chem.,  1911-12,  x,  213,  255.  Rose,  W.  C, 
ibid.,  1911-12,  x,  265;  1912,  xii,  73.  A  preliminary  report  of  this  work  was 
presented  by  title  before  the  American  Society  of  Biological  Chemists, 
December,  1914. 

1  Cathcart,  E.  P.,  Biochem.  Z.,  1907,  vi,  109. 

*  Cathcart,  J.  Physiol,  1909-10,  xxxix,  311. 
•Mendel  and  Rose,  J.  Biol  Chem.,  1911-12,  x,  213. 
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At  about  the  same  time  that  the  paper  of  Mendel  and  Rose  was 
published,  Wolf  and  Osterberg4  showed  that  in  fasting  dogs  the 
feeding  of  protein  likewise  inhibits  creatine  elimination,  and  Wolf* 
used  this  fact  as  a  basis  for  attacking  our  theory  regarding  the 
importance  of  carbohydrates  in  creatine  metabolism.  The  writer 
has  repeated  the  experiments  of  Wolf  and  Osterberg,  and  can 
corroborate  their  findings,  despite  the  fact  that  the  urines  in  some 
of  their  experiments  were  frequently  alkaline,  indicating  the  prob- 
ability of  decomposition.  Protein  feeding  does  inhibit  the  ex- 
cretion of  creatine  in  normal  fasting  dogs,  but  this  fact  does  not 
necessarily  invalidate  the  theory  that  carbohydrate  utilization  is 
an  all  important  factor  in  creatine  catabolism.6  It  is  a  well  known 
fact  that  over  half  the  protein  ingested  may  be  converted  into 
glucose  in  the  body.  It  is  possible  that  this  glucose  arising  from 
protein  in  metabolism  may  be  the  inhibitory  agent  in  creatine 
elimination. 

In  order  to  determine  whether  the  disappearance  of  creatine 
from  the  urine  in  dogs,  following  the  ingestion  of  protein,  is  due 
to  carbohydrate  arising  in  protein  catabolism,  it  would  only  seem 
to  be  necessary  to  feed  protein  to  diabetic  animals.  The  sugar 
synthesized  from  protein  would  then  be  eliminated  in  the  urine 
and  could  exert  no  inhibitory  action  on  creatine  excretion.  If, 
under  such  conditions,  creatine  disappeared  from  the  urine,  it 
would  be  evident  that  the  utilization  of  the  sugar  arising  in  metab- 
olism from  the  protein  of  the  diet  is  not  the  important  factor 
in  inhibiting  creatine  elimination  in  the  normal  animal.  On  the 
other  hand,  if  the  creatine  output  were  not  reduced  to  nil  by 
protein  feeding  in  the  diabetic  dog,  proof  would  be  conclusive 
that  similar  feeding  in  the  normal  fasting  animal  is  effective 
because  of  this  carbohydrate  synthesized  from  protein.  Such 
were  the  theoretical  considerations  which  actuated  the  present 
investigation. 

The  experiments  herein  reported  were  begun  during  the  spring 
of  1912.  Unavoidable  circumstances  have  delayed  the  continu- 
ance of  the  investigation.  We  realize  that  the  experiments  which 
we  now  present  are  rather  limited  in  number,  but  since  beginning 

4  Wolf,  C.  G.  L.,  and  Osterberg,  E.,  Biochem.  Z.,  1911,  xxxv,  329. 

*  Wolf,  C.  G.  L.,  J.  Biol.  Chem.,  1911-12,  x,  473. 

•  It  will  be  shown  in  the  next  paper  that,  contrary  to  the  general  belief, 
protein  feeding  in  starving  man  likewise  inhibits  creatine  elimination. 
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the  work  an  interesting  paper  by  Benedict  and  Osterberg7  has 
appeared,  the  results  of  which  have  a  direct  bearing  on  the  ques- 
tion at  issue,  and  because  of  the  similarity  of  our  results  to  those  of 
Benedict  and  Osterberg,  itfseemed  unnecessary  to  us  to  make  a 
greater  number  of  experiments. 

EXPERIMENTAL   PART  AND   DISCUSSION. 

The  investigation  was  made  upon  dogs  rendered  diabetic  by 
complete  extirpation  of  the  pancreas.  The  operations  were  per- 
formed under  ether  anesthesia  by  Dr.  J.  E.  Sweet  of  the  Univer- 
sity of  Pennsylvania,  and  Dr.  F.  W.  Aves  of  the  University  of 
Texas,  to  whom  the  writer  acknowledges  his  indebtedness.  The 
animals  recovered  rapidly  from  the  effects  of  the  incisions.  In  no 
case  was  there  indication  of  infection  in  the  region  of  the  wound. 

An  attempt  was  made  to  feed  freshly  precipitated  casein  as  the 
protein,  but  the  animals  refused  to  eat  sufficient  amounts  of  this 
material,  and  a  diet  of  scrambled  eggs,  or  ground  beef  heart  washed 
free  from  creatine  and  creatinine  was  substituted.  Both  the 
egg  and  beef  heart,  though  containing  some  fat,  constituted  satis- 
factory diets  for  the  purpose  of  the  investigation,  since  it  has  been 
repeatedly  shown  that  fat  has  no  inhibitory  action  on  creatine 
elimination  (Cathcart,2  Mendel  and  Rose,3  and  Wolf  and  Oster- 
berg4). 

Total  nitrogen  was  determined  by  the  Kjeldahl-Gunning 
method,  glucose  by  the  rotation  of  polarized  light  before  and  after 
fermentation,  and  creatinine  by  the  Folin  method.  In  Experi- 
ments 1,  2,  and  3,  creatine  was  estimated  by  the  autoclave  method 
of  Myers.  It  has  been  shown  elsewhere8  that  in  the  presence  of 
considerable  sugar  the  estimation  of  creatine  by  the  Myers  method 
gives  too  high  results,  and  phosphoric  acid  was  suggested  as  the 
dehydrating  agent  instead  of  hydrochloric  acid,  owing  to  the  fact 
that  the  former  does  not  lead  to  pigmentation.  This  method, 
which  has  been  used  by  the  writer  in  hundreds  of  determinations 
during  the  past  four  years,  gives  thoroughly  satisfactory  results  in 
human  urine  provided  the  directions  are  followed,  but,  as  pointed 
out  in  the  original  paper,  is  not  applicable  to  the  urine  of  dogs. 

7  Benedict,  S.  R.,  and  Osterberg,  E.,  J.  Biol.  Chem.,  1914,  xviii,  195. 
•Rose,  /.  Biol.  Chem.,  1912  xii,  73. 
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The  figures  representing  urinary  creatine  in  Experiments  1,  2, 
and  3  are  probably  somewhat  too  high,  but,  since  the  error  is 
practically  the  same  in  all  of  the  tabulated  results  of  analyses,  the 
data  are  not  invalidated  as  pertaining  to  an  increase  or  decrease 
in  creatine  excretion.  In  Experiment  4  the  original  water  bath 
procedure  of  Folin  was  used  for  the  conversion  of  creatine  into 
creatinine.  This  method  gives  much  less  pigmentation  in  the 
presence  of  Bugar  than  does  the  autoclave  procedure.  The  crea- 
tine data  in  Experiment  4  should,  therefore,  be  very  near  theo- 
retical values. 

The  analytical  results  are  shown  in  the  tables.  The  figures  do 
not  represent  exactly  twenty-four  hour  excretions.  Owing  to  the 
danger  of  injury  to  the  wounds  in  removal  of  the  animals  from  the 
cages  and  in  catheterization,  the  urine  which  was  voluntarily 
eliminated  each  day  was  taken  for  analysis.  Hence,  the  absolute 
amounts  of  creatine  and  creatinine  are  less  instructive  than  are 
the  figures  in  the  last  columns  representing  the  per  cent  of  the 
total  creatinine  eliminated  as  creatine. 


Experiment  1. 

Dug  !. 

Pancreas  Removed  Feb.   10 

Date. 

Jul 

5 

1    3 

1* 

1 

OB 

i 

IX 

!{ 
11 

Diet- 

mt 

,« 

*. 

m 

§m. 

„., 

ST, 

Feb.  11 

640 

Acid. 

13. S3 

49.0 

3.5 

1.62 

0.54 

1.08 

66.7 

No  food. 

"      12 

TJrinf  contaminated  with  feces. 

"      13 

815 

Acid. 

14.52 

16  i. 

3.2 

0.87 

0.34 

0.53 

60.9 

11  eggs. 

"      11 

1,060 

15.80 

41.6 

2.6 

0.86 

0.40 

o.« 

53.5 

12      " 

"      15 

905 

12.40 

32.1 

2.6 

0.57 

0  27 

0.30 

52.6 

12      " 

"      16 

1,570 

12.30 

45.0 

2.5 

0.72 

0.38 

0.34 

47.2 

15      " 

"      17 

1,375 

12  20 

34.5 

2.8 

0.64 

0.29 

0.35 

54.7 

12      " 

"      18 

750 

11.30 

27.0 

2.4 

0.93 

0.29 

0.64 

S8  S 

No  food. 

"     ID 

665 

9.00 

20.8 

2.3 

1.01 

0.25 

0.76 

75.2 

"        " 

"     20 

1,400 

" 

14.30 

42.3 

3.0 

0.91 

0.27 

0.64 

70.3 

14  eggs. 

"      21 

920 

11.40 

34.7 

3.0 

0.87 

0.20 

0.67 

77.0 

18     " 

"      22 

Ex  1>l- rime nt.  discontinued. 

*  The  figures  in  this  column  represent  the  per  cent  of  the  total  creatinine 
which  was  eliminated  as  creatine. 
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TABLE  II, 
Experiment  I.     Dog  3.     Pancreas  Removed  Feb.  t4- 


am. 

Lij 

3  "fi 

h 

lz" 

I 

3 

OS 

ll 

1! 

11 

J! 

8*J| 

I! 

„„,. 

in* 

«. 

.» 

«-. 

.,.„ 

*-. 

tm. 

fZ 

Feb.  25 

340 

Acid. 

6.51 

Ifl.B 

3.1 

0.80 

0.30 

0.50 

62.5 

No  food. 

"     26 

910 

[l  7S^il  1 

3X 

J.M 

0.32 

)  is 

BO.  C 

11  eggs. 

"      27 

1,000 

ti  ;m;w  ; 

8,00.0! 

(1  :»0  27 

47. 4 

13     " 

"      28 

Urine  contaminated   and   not   analyzed.     Animal  died  in  con- 

vu 

B,on8° 

n  Feb. 

29. 

*  The  figures  in  this  column  represent  the  per  cent  of  the  total  creatinine 
■which  was  eliminated  a 


TABLE  III. 
Experiment  S.    Dog  4-    Pancreas  Removed  Feb.  14. 


~ 

l»* 

| 

z.a 

u 

1  | 

si 

1  • 

». 

.,» 

«. 

<» 

<« 

mi. 

f-. 

*-- 

jj 

Feb.  25 

340 

Acid. 

6.42 

7.8 

1.2 

1.33 

0.58 

0.75 

56.4 

No  food. 

"     26 

320 

5.56 

11.5 

2.1 

).W 

).41 

J.ti 

36.4 

5  eggs. 

"     27 

225 

4.26 

10.6 

2.6, 

0.45 

0.21 

0.24 

53.3 

Animal  refused 

"      28 

Expe 

*iraent 

discon 

d. 

Vnin, 

nl  d 

ed  ft 

sx. 

Experiment  1  is  conclusive  in  showing  that  the  feeding  of 
large  quantities  of  protein  to  diabetic  dogs  does  not  cause  the 
disappearance  of  creatine  from  the  urine  as  does  similar  feeding  in 
normal  fasting  animals.  Experiments  2  and  3  show  the  same 
fact,  but  are  less  conclusive  owing  to  the  short  duration  of  the 
experiments.  Animal  3  died  on  the  5th  day  after  the  operation, 
and  Animal  4  refused  to  eat  any  form  of  protein  after  the  2nd  day, 
thus  necessitating  the  discontinuance  of  the  experiment.  Suf- 
ficient data  are  shown  here,  however,  to  prove  our  contention, 
especially  in  view  of  the  results  obtained  by  Benedict  and  Oster- 
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berg7  working  on  dogs  with  phlorhizin  diabetes.  These  investi- 
gators found  that  by  feeding  sufficient  protein,  the  nitrogen  loss 
of  the  tissues  could  be  completely  balanced  without  causing  the 
disappearance  of  creatine  from  the  urine.  Both  the  present  paper 
and  that  of  Benedict  and  Osterberg  furnish  additional  evidence 
that  the  "examples  of  the  independence  of  the  creatine  excretion 
of  the  carbohydrate  metabolism"  described  by  Wolf*  are  not  as 
forceful  as  one  would  be  led  to  believe.  Undoubtedly,  carbohy- 
drate utilization  is  a  most  important  factor  in  creatine  metabolism. 
It  is  interesting  in  this  connection  to  observe  the  effect  of  pro- 
tein feeding  in  Experiment  4.  This  animal  was  operated  upon  for 
the  complete  removal  of  the  pancreas  on  Dec.  11.  As  will  be 
aeen  from  the  protocols,  the  urine  of  the  next  day  showed  a  G :  N 
ratio  of  2.5,  and  58.5  per  cent  of  the  total  creatinine  in  the  form  of 
creatine.  Both  the  amount  of  creatine  and  the  G:  N  ratio  gradu- 
ally diminished  in  this  animal  until  on  the  last  day  of  the  experi- 
ment (Dec.  20)  the  G:N  ratio  was  1.1,  and  the  per  cent  of  the 
total  creatinine  eliminated  as  creatine  had  dropped  to  16.7.  On 
Dec.  20  the  animal  was  returned  to  the  pens.  He  lived  for  over  a 
month  after  the  experiment  was  discontinued,  dying  on  Jan.  24 

TABLE  IV, 
Experiment  i.     Dog  5.     Pancreas  Removed  Dec.  It. 


it 


Urine  contaminated, 
700     Acid,  a  9312.6 


3.86 
Experiment  discontinued. 


33.3 


100  gm,  beef  heart. 


r200  ' 


legg. 


21.4 


( 100  gm.  beef  heart. 
IT  eggs. 
'20  0|  4  eggs. 


Animal  died  Jan.  24,  1915. 


*  The  figures  in  this  column  represent  the  per  cent  of  the  total   creatinine 
which  was  eliminated  as  creatine. 
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in  a  very  emaciated  condition.  Autopsy  showed  the  presence 
of  a  small  amount  of  pancreatic  tissue,  which  was  identified  by 
the  microscopic  examination  of  sections.  The  liver  was  fatty, 
and  the  upper  portion  of  the  duodenum  was  hypertrophied  and 
hardened.  Evidently  the  small  amount  of  pancreatic  tissue  re- 
maining in  the  abdominal  cavity  was  sufficient  to  render  the  ani- 
mal capable  of  oxidizing  the  major  portion  of  the  sugar  arising 
from  proteins,  and  the  catabolism  of  this  sugar  was  sufficient  to 
diminish  markedly  the  output  of  creatine. 

Although  the  creatine  output  in  completely  depancreatized  dogs 
is  not  reduced  to  zero  by  protein  feeding,  still  there  is  a  perceptible 
decrease  in  the  quantity  excreted.  It  will  be  observed  that  in 
Experiment  1  the  per  cent  of  the  total  creatinine  eliminated  as  cre- 
atine fell  from  66.7  on  the  11th  to  54.7  on  the  17th.  On  the  18th 
and  19th,  when  the  animal  received  no  food,  the  creatine  increased 
to  75.2  per  cent  of  the  total  creatinine,  and  again  fell  the  ne*t 
day  with  feeding  to  70.3  per  cent.  On  the  last  day,  although  the 
animal  received  the  largest  ingestion  of  protein  of  the  experiment, 
the  creatine  output  increased  to  77.0  per  cent  of  the  total  creati- 
nine. At  first  glance  this  appears  to  display  a  lack  of  uniformity 
in  the  data,  but  just  preceding  death  in  diabetes  or  starvation,  the 
creatine  cannot  be  reduced  even  by  the  ingestion  of  large  quanti- 
ties of  carbohydrates.9  This  is  probably  due  to  a  greatly  increased 
formation  of  creatine  coincident  with  the  excess  tissue  catabolism. 
Just  as  we  have  a  premortal  rise  in  the  output  of  nitrogen,  so 
there  occurs  a  premortal  increase  in  creatine  elimination. 

Aside  from  the  difference  in  the  behavior  of  the  creatine  output 
immediately  preceding  death,  our  animals  always  showed  a  slight 
decrease  in  the  relative  amounts  of  creatine  excreted  following 
protein  feeding,  but  never  were  we  able  to  induce  the  entire  dis- 
appearance of  creatine  from  the  urine.  In  the  shorter  experi- 
ments (2  and  3)  these  facts  are  recorded  just  as  in  the  experiment 
of  greater  duration.  A  glance  at  the  data  obtained  by  Benedict 
and  Osterberg7  shows  that  the  ingestion  of  large  amounts  of  pro- 
tein by  dogs  with  phlorhizin  diabetes  produces  practically  no 
diminution  in  the  creatine  output.  We  believe  that  the  difference 
in  the  results  obtained  by  these  authors  and  by  ourselves  in  regard 
to  the  creatine  output  is  due  entirely  to  the  form  of  diabetes 

•Mendel  and  Rose,  J.  Biol.  Chem.,  1911-12,  x,  228,  229. 
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induced  in  the  two  series  of  experiments.  The  G :  N  ratio  in 
phlorhizin  diabetes  as  shown  by  Lusk  is  3.65 : 1,  and  this  is  be- 
lieved to  represent  the  maximum  sugar  formation  from  protein. 
Phlorhizinized  animals  with  such  ratios  are,  therefore,  quantita- 
tively eliminating  all  glucose  arising  in  protein  catabolism.  On 
the  other  hand,  it  is  well  known  that  the  G :  N  ratio  after  extirpa- 
tion of  the  pancreas  is  usually  2.8: 1.  Animals  with  such  ratios 
are  probably  eliminating  only  about  77  per  cent,  and  are  utilizing 
23  per  cent  of  the  glucose  arising  from  protein.  In  an  endeavor 
to  explain  these  two  types  of  ratios,  Mandel  and  Lusk10  assumed 
the  existence  in  blood  of  two  forms  of  sugar  which  they  termed 
a-colloid  glucose  and  0-colloid  glucose,  the  former  being  that 
amount  of  glucose  represented  by  the  ratio  2.8: 1,  and  the  latter 
the  additional  sugar  eliminated  when  the  ratio  is  3.65: 1.  If  this 
hypothesis  is  correct,  the  utilization  of  the  0-glucose  is  probably 
responsible  for  the  slight  reduction  in  the  output  of  creatine  fol- 
lowing protein  feeding  in  pancreatic  diabetes.  We  believe  that 
the  behavior  of  the  creatine  output  following  protein  feeding  in 
phlorhizin  diabetes  on  the  one  hand,  and  after  complete  removal 
of  the  pancreas  on  the  other,  furnishes  the  most  conclusive  proof 
yet  adduced  of  the  interdependence  of  the  creatine  excretion  and 
the  carbohydrate  metabolism. 

CONCLUSIONS. 

1.  Protein  feeding  in  dogs  after  complete  extirpation  of  the 
pancreas  does  not  lead  to  the  disappearance  of  creatine  from  the 
urine  as  does  similar  feeding  in  normal  fasting  animals. 

2.  While  protein  feeding  does  not  reduce  the  creatine  output  to 
zero,  there  is  a  slight  decrease  in  the  amount  eliminated,  which  is 
attributed  to  the  utilization  of  that  amount  of  sugar  represented 
by  the  difference  between  the  ratios  3.65: 1  and  2.8: 1  (0-glucose 
of  Mandel  and  Lusk). 

3.  The  behavior  of  the  creatine  elimination  in  phlorhizin  and 
pancreatic  diabetes  offers  additional,  and  we  believe  conclusive 
proof  of  the  dependence  of  the  creatine  elimination  upon  the  car- 
bohydrate utilization. 

10  Mandel,  A.  R.,  and  Lusk,  G.,  Deutsch.  Arch.  klin.  Med.,  1904,  lxxxi, 
491. 
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It  has  been  generally  accepted  since  the  work  of  Cathcart1 
that  the  feeding  of  protein  to  fasting  man  exerts  no  influence  on 
the  output  of  creatine.    A  similar  conclusion  for  starving  rab- 
bits was  drawn  from  a  limited  number  of  experiments  by  Men- 
del and  Rose.2    In  view  of  our  observation  and  that  of  others8 
concerning  the  marked  reduction  in  urinary  creatine  in  fasting 
dogs  following  the  ingestion  of  protein,  it  seemed  desirable  to 
further  investigate  this  question  in  man.     If  the  explanation  of- 
fered in  a  previous  paper4  concerning  the  disappearance  of  crea- 
tine is  correct,  namely,  that  it  is  the  glucose  arising  in  protein 
catabolism  which  is  responsible,  then  a  similar  reduction  should 
occur  in  man  under  the  same  conditions.     If  one  examines  the 
paper  of  Cathcart,1  it  will  be  observed  that  the  subjects  of  his 
experiments  fasted  for  very  short  periods  of  time  (usually  40 
Iiours),  and  ingested  the  experimental  diets  over  periods  of  cor- 
respondingly short  duration.     It  is  our  experience  that  it  is  dif- 
ficult to  obtain  thoroughly  reliable  data  concerning  fasting  unless 

'  A  preliminary  report  of  this  work  was  presented  by  title  before  the 
American  Society  of  Biological  Chemists,  December,  1914. 

1  Cathcart,  E.  P.,  J.  Physiol,  1909,  xxxix,  311. 

*  Mendel,  L.  B.,  and  Rose,  W.  C,  J.  Biol.  Chem.,  1911-12,  x,  213. 

2  Wolf,  C.  G.  L.,  and  Osterberg,  E.,  Biochem.  Z.,  1911,  xxxv,  329.     Bene- 
dict, S.  R.,  and  Osterberg,  E.,  J.  Biol.  Chem.,  1914,  xviii,  195. 

4  Rose,  W.  C.f  J.  Biol.  Chem.,  1916,  xxvi,  331. 
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the  experiments  are  continued  for  several  days.  We  have,  there- 
fore, subjected  two  individuals  to  periods  of  fasting  for  3J  to  4 
days  followed  by  periods  of  protein  feeding  for  3  to  4  days. 

The  experiments  herein  reported  were  made  upon  healthy  men, 
one  a  graduate  fellow  in  this  department,  and  the  other  a  student 
in  the  School  of  Medicine.  The  analytical  procedures  applied 
were  the  Kjeldahl-Gunning  method  for  total  nitrogen,  and  the 
original  Folin  methods  for  creatine  and  creatinine.  The  diet 
consisted  of  eggs,  usually  scrambled  or  boiled,  but  occasionally 
ingested  in  the  raw  state.  Such  a  diet,  of  course,  contains  con- 
siderable fat,  but  it  is  universally  admitted  that  the  feeding  of 
fat  has  no  influence  on  creatine  elimination  in  starvation.1*  *•' 
The  results  of  the  experiments  are  detailed  in  Tables  I  and  II. 


TABLE  I. 

Experiment  1.    Subject,  F.  W.  D. 


Date. 

Body 
weight. 

Volume 

of 
urine. 

Reac- 
tion to 
litmus. 

Total 

N. 

Total 
creat- 
inine. 

Pre- 
formed 
creat- 
inine. 

Crea- 
tine as 
creat- 
inine. 

Ace- 
tone. 
Dia- 
cetic 
acid.* 

Diet. 

1916 

kg. 

ce. 

gm. 

gm. 

gm. 

gm. 

Nov.  28 

70.9 

2,795 

Acid. 

10.16 

1.60 

1.49 

0.11 

+  + 

+ 

No  food.f 

"     29 

2,050 

13.15 

1.56 

1.27 

0.29 

+  +  + 
+  + 

tt         tt 

"     30 

2,690 

13.69 

1.81 

1.23 

0.58 

+  +  + 
+  + 

tt         u    * 

Dec.    1 

66.4 

2,580 

23.10 

1.87 

1.41 

0.46 

+  + 
+  + 

31  eggs. 

"       2 

2,700 

29.19 

1.57 

1.51 

0.06 

+ 
+ 

40     " 

"      3 

3,560 

• 

30.24 

1.53 

1.53 

— 

+ 

41     " 

"       4 

67.3 

Experiment  disconti 

nued. 

*  The  upper  series  of  plus  or  minus  signs  indicate  approximately  the 
intensity  of  the  acetone  tests,  while  the  lower  series  refer  in  like  manner  to 
the  intensity  of  the  tests  for  diacetic  acid.  Tests  for  protein  and  sugar 
were  negative  throughout. 

t  Last  meal  was  eaten  at  noon  Nov.  27. 

X  Determinations  of  acetone  and  diacetic  acid  for  this  day  showed  the 
presence  of  0.87  gm.  of  the  former,  and  1.53  gm.  of  the  latter. 
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TABLE  II. 

Experiment  8.    Subject,  P.  N.  C. 


Date. 

Body 

weight. 

Volume 

of 
urine. 

Reac- 
tion to 
litmus. 

Total 

N. 

Total 
creat- 
inine. 

Pre- 
formed 
creat- 
inine. 

Crea- 
tine as 
creat- 
inine. 

Ace- 
tone. 
Dia- 
cetic 
acid.* 

Diet. 

1914 

kg. 

cc. 

gm. 

gm. 

gm. 

gm. 

Nov.  15 

68.2 

595 

Acid. 

6.89 

1.57 

1.57 

— 

^" 

No  food,  f 

"      16 

730 

tt 

11.77 

1.60 

1.34 

0.26 

+  + 

+ 

tt       tt 

"     17 

1,145 

tt 

11.99 

1.58 

1.16 

0.42 

+++ 
+  + 

tt       tt 

"     18 

65.4 

990 

tt 

13.59 

1.64 

1.18 

0.46 

+  +  +  + 
+  +  + 

9  eggs. 

"      19 

1,830 

it 

20.98 

1.54 

1.28 

0.26 

+  +  +  + 
+  +  + 

24     " 

"     20 

2,590 

tt 

22.24 

1.47 

1.36 

0.11 

+  +  +  + 
+  +  + 

+  +  +  + 
+  +  + 

30     " 

"     21 

2,485 

it 

21.67 

1.48 

1.38 

0.10 

24     " 

"     22 

1,375 

it 

8.19 

1.46 

1.37 

0  09 

+  + 

90  gm. 

"     23 

65.1 

Experiment  discont 

binued. 

sucrose. 

*  The  upper  series  of  plus  or  minus  signs  indicate  approximately  the 
intensity  of  the  acetone  tests,  while  the  lower  series  refer  in  like  manner  to 
the  intensity  of  the  tests  for  diacetic  acid.  Tests  for  protein  and  sugar 
were  negative  throughout. 

t  Last  meal  was  eaten  at  8  p.m.  Nov.  14. 

It  will  be  observed  that  in  both  experiments  the  feeding  of 
large  quantities  of  protein  in  the  form  of  eggs  very  promptly  re- 
duced the  creatine  output.  In  Experiment  1,  creatine  entirely 
disappeared  from  the  urine  on  the  3rd  feeding  day.  In  Experi- 
ment 2,  the  urine  still  contained  0.10  gm.  of  creatine  expressed  as 
creatinine  on  the  4th  day  of  protein  feeding,  which  amount  was 
less  than  one-fourth  that  excreted  before  protein  was  ingested. 
The  subject  of  the  experiment  had  developed  such  a  distaste 
for  eggs  that, it  was  impossible  for  him  to  continue  longer  with 
this  form  of  diet.  If  the  carbohydrate  arising  from  protein  in 
catabolism  is  responsible  for  the  conversion  of  creatine  into 
creatinine  and  the  consequent  disappearance  of  the  former  from 
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the  urine,  then  the  ingestion  of  that  amount  of  carbohydrate 
which  would  be  synthesized  by  the  organism  from  twenty-four 
eggs  such  as  were  ingested  on  the  21st  should  produce  no  greater 
reduction  in  creatine  than  did  the  eggs  themselves.  We  have 
calculated  this  quantity  basing  our  calculations  on  the  generally 
accepted  assumption  that  58  per  cent  of  the  protein  molecule 
may  be  transformed  into  glucose.  If  such  be  the  case,  twenty- 
four  eggs  would  yield  approximately  90  gm.  of  glucose.  On  the 
22nd  the  subject  in  Experiment  2  received  90  gm.  of  carbohydrate 
in  the  form  of  sucrose.  This  was  ingested  in  small  amounts  of 
about  5  to  6  gm.  per  hour  throughout  the  day,  in  order  to  simu- 
late as  near  as  possible  the  conditions  as  regards  available  car- 
bohydrate which  were  operative  on  the  preceding  day  during  the 
protein  feeding.  The  result  is  shown  in  the  table.  It  will  be 
noted  that  the  creatine  output  is  practically  identical  (within 
the  limits  of  accuracy  of  the  analytical  methods)  with  that  of 
the  21st.  Undoubtedly,  if  this  individual  had  been  able  to  in- 
gest as  many  eggs  as  did  the  subject  in  Experiment  1,  the  creatine 
here  also  would  have  disappeared  entirely  from  the  urine. 

It  has  been  claimed  by  several  investigators6  that  the  presence 
of  acetone  and  diacetic  acid  in  the  urine  in  starvation  and  dia- 
betes renders  the  estimation  of  creatine  and  creatinine  inaccurate. 
We  believe  that  the  amounts  of  these  bodies  ordinarily  present 
in  starvation  and  diabetic  urines  are  quite  without  effect  on  cre- 
atine-creatinine readings  provided  the  urines  are  allowed  to  stand 
for  at  least  5  minutes  after  the  addition  of  picric  acid  and  alkali 
before  diluting.  Indeed,  data  were  presented  in  a  former  paper 
by  one  of  us6  in  proof  of  this  fact.  Nevertheless,  to  avoid  the 
possibility  of  a  criticism  of  our  creatine  data  by  those  who  claim 
that  all  apparent,  creatine  values  are  in  reality  due  to  errors  in 
the  method  incident  to  the  presence  of  diacetic  acid,7  we  have 
made  a  series  of  tests  to  demonstrate  the  influence  of  acetone  and 
diacetic  acid  on  creatinine  readings.     The  urine  of  Nov.  30  in 

•  Greenwald,  I.,  J.  Biol.  Chem.,  1913,  xiv,  87.  Cathcart,  E.  P.,  and  On\. 
J.  B.,  /.  Physiol.,  1914,  xlviii,  p.  xxi.  Krause,  R.  A.,  J.  Physiol.,  1914. 
xlviii,  p.  xli. 

•Rose,  J.  Biol.  Chem..  1912,  xii,  73. 

7  Graham,  G.,  and  Poulton,  E.  P..  Proc.  Pot/.  Soc,  Series  B.  1914.  Ixxxvii, 
206. 
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Experiment  1  was  analyzed  for  acetone  bodies,  and  found  to  con- 
tain 0.87  gm.  of  acetone,  and  1.53  gm.  of  diacetic  acid.  A  nor- 
mal urine  containing  no  creatine  was  then  diluted  until  analyses 
showed  it  to  contain  approximately  the  same  amount  of  creati- 
nine as  did  an  equal  volume  of  the  experimental  urine  of  the  30th. 
To  portions  of  the  normal  urine  were  then  added  varying  amounts 
of  acetone  and  diacetic  acid,  and  the  prepared  specimens  analyzed 
for  creatinine.  The  results  are  shown  in  Table  III.  It  will  be 
observed  that  in  no  case  were  there  greater  differences  in  the 
average  creatinine  readings  than  might  occur  in  several  analyses 
of  the  same  urine  in  the  absence  of  acetone  bodies.  Without  doubt 
figures  representing  creatine  in  our  protocols  are  not  erroneous  values 
due  to  the  presence  of  acetone  or  diacetic  add. 

TABLE  III. 
Experiment  S.     Influence  of  Acetone  Bodies  on  Creatinine  Readings. 


Acetone  per  3,000  cc. 
of  urine. 

Diacetic  acid  per  3,000 
cc.  of  urine. 

Average  creatinine 
readings. 

Creatinine  per  3.000 
cc.  of  urine. 

gm. 

gm. 

ififfi. 

gm. 

0 

0 

6.78 

1.79 

0.87 

1.53 

6.90 

1.76 

2.00 

3  00 

6.89 

1.76 

4.00 

6.00 

6.84 

1.78 

No  explanation  can  as  yet  be  offered  for  the  observation  of 
Mendel  and  Rose2  that  fasting  rabbits  as  contrasted  with  fasting 
dogs  and  men  display  no  diminution  in  the  output  of  creatine 
following  protein  feeding.  It  can  scarcely  be  a  question  of  failure 
in  protein  utilization  in  rabbits,  since  the  animals  showed  a 
markedly  increased  output  of  total  nitrogen.8  On  theother  hand, 
one  cannot  assume  that  the  transformation  of  amino-acids  into 
sugar  is  more  difficult  for  the  herbivorous  than  for  the  carnivor- 
ous or  omnivorous  organism  to  accomplish.  Further  experi- 
ments are  necessary  to  elucidate  this  point. 

* Mendel  and  Rose,  J.  Biol.  Chem.,  1911-12,  x,  238,  239. 
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CONCLUSIONS. 

1.  Contrary  to  the  generally  accepted  idea,  protein  feeding  in 
starving  man  promptly  reduces  the  creatine  output  to  nil. 

2.  The  amount  of  acetone  bodies  present  in  the  urine  during 
short  fasts  (3  to  4  days)  is  not  sufficient  to  render  the  creatine- 
creatinine  figures  unreliable.  Four  times  the  quantities  of  ace- 
tone and  diacetic  acid  eliminated  in  the  present  experiments 
were  entirely  without  effect  upon  the  creatinine  readings. 
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It  has  been  shown  independently  by  Folin1  and  Klercker2  that 
small  amounts  of  creatine  when  added  to  the  diet  fail  in  part  or 
entirely  to  reappear,  while  large  amounts  may  lead  to  the  presence 
of  creatine  in  the  urine.  They  were  unable  to  demonstrate  any 
conversion  of  creatine  into  creatinine,  as  was  also  Lefmann.8 
Other  investigators,  notably  van  Hoogenhuyze  and  Verploegh,4 
Pekelharing  and  van  Hoogenhuyze,6  Foster  and  Fisher,6  Towles 
and  Voegtlin,7  and  Myers  and  Fine,8,9  are  agreed  that  creatine 
introduced  per  os  or  parenterally  is  slightly  converted  into  creati- 
nine, and  is  largely  excreted  unchanged  in  the  urine.  By  what- 
ever avenue  introduced  creatine  is  never  quantitatively  recovered 
either  unchanged  or  in  the  form  of  creatinine. 

In  explanation  of  the  apparent  disappearance  of  creatine,  Folin1 
early  suggested  the  possibility  of  its  serving  as  a  food  and  being 

1  Folin,  O.,  Hammarsten's  Festschrift,  Upsala,  1906,  pt.  iii. 

2  Klercker,  K.  O.,  Beitr.  chem.  Phys.  u.  Path.,  1906,  viii,  59;  Biochem.  Z., 

1907,  iii,  45. 

*  Lefmann,  G.,  Z.  physiol.  Chem.,  1908,  lvii,  476. 

4  Van  Hoogenhuyze,  C.  J.  C,  and  Verploegh,  H.,  Z.  physiol.    Chem., 

1908,  lvii,  161. 

6  Pekelharing,  C.  A.,  and  van  Hoogenhuyze,  C.  J.  C,  Z.  physiol.  Chem., 
1910,  lxix,  395. 

•  Foster,  N.  B.,  and  Fisher,  H.  L.,  J.  Biol.  Chem.,  1911,  ix,  359. 

7  Towles,  C,  and  Voegtlin,  C,  J.  Biol.  Chem.,  1911-12,  x,  479. 
•Myers,  V.  C,  and  Fine,  M.  S.,  J.  Biol.  Chem.,  1913-14,  xvi,  169. 
•Myers  and  Fine,  /.  Biol.  Chem.,  1915,  xxi,  377. 

345 


346    Creatine  and  Creatinine  Metabolism.     VII 

stored.  He  states  that,  particularly  in  individuals  on  a  low  nitro- 
gen diet,  creatine  in  amounts  less  than  5  gra.  is  completely  re- 
tained by  the  body.  More  recently  Myers  and  Fine8  and  Folin 
and  Denis10  have  adduced  data  indicating  that  ingested  creatine 
is  partly  stored  in  the  muscles.  In  the  experiments  of  Myers  and 
Fine,  analyses  of  the  muscle  tissue  showed  that  the  slight  increase 
in  creatine  content  (about  5  per  cent),  following  the  subcutaneous 
administration  of  creatine,  was  quite  insufficient  to  account  for 
that  which  did  not  reappear  in  the  urine.  Other  investigators 
(Nawiasky,11  and  Twort  and  Mellanby12)  have  attributed  the 
apparent  disappearance  of  creatine  in  feeding  experiments  to 
bacterial  decomposition  in  the  alimentary  tract.  Plimmer,  Dick, 
and  Lieb,1*  in  experiments  in  man,  found  that  2.5  gm.  of  creatine 
had  to  be  given  by  mouth  before  any  could  be  recovered  in  the 
urine.  Without  question  creatine  can  be  readily  disintegrated  by 
alimentary  bacteria,  but  it  seems  unlikely  that  this  is  the  sole 
explanation  of  its  disappearance  in  feeding  experiments  in  view 
of  the  fact  that,  when  introduced  parenterally,  relatively  large 
amounts  still  fail  to  reappear  in  the  urine. 

Feeding  experiments  with  creatinine  show  that  it  is  largely  but 
not  entirely  eliminated  unchanged  in  the  urine.  Towles  and 
Voegtlin7  report  that  occasionally  after  administering  creatinine 
to  normal  and  Eck  fistula  dogs  creatine  also  appeared  in  the  urine, 
and  this  observation  suggested  the  possibility  of  creatine  dehydra- 
tion being  a  reversible  reaction  in  the  animal  organism.  Myers 
and  Fine,8  however,  were  unable  to  detect  creatine  in  the  urine 
following  the  administration  of  creatinine,  but  report  that  the 
creatine  content  of  the  muscles  was  increased.  They  state  that, 
"In  three  experiments  the  creatine  content  was  found  to  be 
about  6  per  cent  above  the  normal,  an  amount  sufficient  to  ac- 
count for  the  creatinine  not  eliminated  by  the  kidneys." 

It  has  been  assumed  by  many  investigators  (Pekelharing,14 
and  Towles  and  Voegtlin7)  that  the  disappearance  of  creatine  in 

10  Folin,  O.,  and  Denis,  \V.,  /.  Biol.  Chem.,  1914,  xvii,  493. 

11  Nawiasky,  P.,  Arch.  Hyg.,  1908,  Ixvi,  209. 

12  Twort,  F.  W.,  and  Mellanby,  E.,  J.  Physiol,  1912,  xliv,  43. 

13  Plimmer,  R.  H.  A.,  Dick,  M..  and  Lieb,  C.  C,  /.  Physiol,  1909-10, 
xxxix,  98. 

14  Pekelharing  C\  A.,  Z.  physiol.  Chem.,  1911,  lxxv,  207. 


W.  C.  Rose  and  F.  W.  Dimmitt 


347 


feeding  and  injection  experiments  is  due  to  partial  destruction, 
possibly  with  the  formation  of  urea.  Indeed,  Mendel  and  Rose1* 
suggested  the  possibility  of  urea  formation  some  years  ago,  though 
no  experimental  data  were  adduced  in  support  of  this  supposition. 
The  work  of  Folin  and  Denis16  indicates  that  this  idea  is  probably 
at  fault.  These  investigators,  from  the  results  of  analyses  of 
blood  and  tissues  following  the  absorption  of  creatine  from  a 
ligated  segment  of  the  gut,  were  able  to  demonstrate  that  none 
of  the  absorbed  creatine  was  transformed  into  urea  under  the 
conditions  of  their  experiments.  The  present  paper  furnishes  ad- 
ditional data  concerning  the  question  of  urea  formation  from  crea- 
tine and  creatinine. 

EXPERIMENTAL   PART. 


The  plan  of  the  investigation  was  to  feed  excessively  large 
doses  of  creatine  and  creatinine  to  individuals  in  nitrogen  bal- 
ance, and  observe  the  effect  on  urinary  composition,  particularly 
with  reference  to  the  output  of  urea.  The  authors  served  as  sub- 
jects for  the  experiments.  The  composition  of  the  daily  diets  is 
shown  in  Tables  I  and  II.  Diet  A  was  ingested  by  subject  W. 
C.  R.  (Table  III),  and  Diet  B  by  subject  F.  W.  D.  (Tables  IV 
and  V). 

TABLE  I. 

Diet  A. 


Morning. 

Shredded 

wheat 55  gm. 

Bananas 150    " 

Milk 500  cc. 


Evening. 

Bread 130  gm. 

Butter 25    " 

Bananas 150    " 

Strawberry 

jam 75    " 

Milk 500  cc. 


Bread 120  gm. 

Butter 25    " 

Bananas 100    " 

Strawberry 

jam 50    " 

Milk 500  cc. 


"Mendel,  L.  B.,  and  Rose,  W.  C,  /.  Biol.  Chcm.,  1911-12,  x,  213. 
"  Folin  and  Denis,  J.  Biol.  Chem.,  1912,  xii,  141. 
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TABLE  II. 
Diet  B. 


Morning. 


Evening. 


Shredded 

wheat 90  gm. 

Bananas 120    " 

Sugar 50    " 

Milk 440  cc. 


Bread 120  gm. 

Butter 25    " 

Bananas 100    " 

Strawberry 

jam 50    " 

Sugar 20    " 

Milk 440  cc. 


Bread 130  ^m. 

Butter .. 25    " 

Bananas 150    " 

Strawberry 

jam 75    " 

Sugar 20    " 

Milk 440  cc. 


The  urines  were  always  collected  at  the  end  of  twenty-four 
hour  periods,  and  were  analyzed  on  the  day  of  collection.  Total 
nitrogen  was  estimated  by  the  Kjeldahl-Gunning  method,  and 
creatine  and  creatinine  by  the  original  methods  of  Folin.  In 
Experiment  1  ammonia  nitrogen  was  estimated  by  the  Folin 
method.  In  Experiments  2  and  3  urea  nitrogen  and  ammonia 
nitrogen  were  estimated  by  the  procedure  of  Van  Slyke  and  Cul- 
len.17  The  creatine  and  creatinine  used  for  feeding  were  prepared 
by  the  methods  of  S.  R.  Benedict.18  The  creatine  preparations 
gave  no  reaction  with  picric  acid  and  alkali  before  hydrolysiSj 
and  uniformly  showed  a  nitrogen  content  of  within  0.07  per  cent 
of  the  theoretical  value.  The  creatinine  preparation  analyzed 
100.2  per  cent  by  the  colorimetric  method. 

The  results  of  the  experiments  arc  tabulated  in  Tables  III  to 
V.  In  Experiment  1  (Table  III)  it  was  impossible  to  follow  the 
urea  output  owing  to  the  fact  that  all  of  the  methods  for  its  esti- 
mation known  at  the  time  this  experiment  was  made  gave  results 
much  too  high  in  the  presence  of  large  quantities  of  creatine.  In 
Experiments  2  and  3,  made  more  recently,  the  daily  output  of 
urea  nitrogen  is  shown.  Preliminary  tests  indicated  that  crea- 
tine and  creatinine,  even  when  present  in  2  per  cent  concentra- 
tions, failed  to  interfere  in  the  least  with  the  accuracy  of  the  Van 
Slyke-Cullen  method. 

17  Van  Slyke,  D.  D.,  and  Cullen,  G.  E.,  J.  Biol.  Chem.,  1914,  xix,  211. 

18  Benedict,  S.  R.,  J.  Biol.  Chem.,  1914,  xviii,  183.  The  creatine  used  in 
Experiment  1  was  prepared  according  to  directions  furnished  by  Professor 
Benedict  in  a  private  communication.  The  writer  takes  this  opportunity  of 
expressing  his  indebtedness  for  the  use  of  this  admirable  method  before  its 
publication. 
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It  will  be  observed  (Tables  IV  and  V)  that  the  feeding  of  very 
large  quantities  of  creatine  (20  gm.)  or  creatinine  (16  gm.)  pro- 
duces no  appreciable  effect  upon  the  output  of  urea  nitrogen.  It 
is  true  that  in  both  experiments,  particularly  after  the  adminis- 
tration of  creatine,  there  was  a  slight  rise  in  the  output  of  urea 
nitrogen,  but  this  rise  was  not  sufficient  to  account  for  the  crea- 
tine or  creatinine  which  failed  to  reappear,  or  to  indicate  that 
urea  is  a  catabolic  product  of  these  substances.  It  is  more  likely 
that  the  slight  rise  in  urea  output  represents  a  partial  deamina- 
tion  of  creatine  and  creatinine  through  bacterial  action  in  the 
gastro-intestinal  tract  rather  than  a  specific  catabolic  function  of 
the  body  cells.  We  believe  that  these  data  indicate  that  the 
theory  accepted  without  direct  proof  by  so  many  investigators, 
namely,  that  creatine  and  creatinine  are  destroyed  in  the  body, ' 
is  without  foundation  in  fact.  Our  experiments  corroborate  the 
conclusions  regarding  urea  formation  from  creatine  reached  by 
Folin  and  Denis16  using  other  methods  of  investigation.  On  the 
other  hand  we  are  unable  to  agree  with  these  authors  in  their 
contention  that  creatine  is  not  transformed  into  its  anhydride  in 
the  animal  organism.  In  both  Experiment  1  and  Experiment  2  a 
very  perceptible  rise  in  urinary  creatinine  was  observed  after  the 
administration  of  large  doses  of  creatine,  and  this  rise  was  pro- 
gressively greater  as  the  dose  of  creatine  was  increased.  In 
Experiment  1  the  creatinine  output  increased  from  an  average  of 
1.34  gm.  per  day  in  the  fore-period  to  1.83  gm.  after  20  gm.  of 
creatine  were  introduced,  or  an  actual  increase  of  0.49  gm.  In 
Experiment  2  the  rise  in  output  was  from  an  average  of  1.63  gm. 
to  1.93  gm.;  or  an  increase  in  actual  amount  of  0.30  gm.  In 
view  of  the  constancy  in  the  creatinine  output  on  a  fixed  diet, 
we  believe  these  increases  represent  very  decided  ability  on  the 
part  of  the  body  to  convert  creatine  into  creatinine.  Nor  do  we 
believe  that  these  increases  in  urinary  creatinine  can  be  explained 
as  suggested  by  Folin  and  Denis  by  a  kind  of  saturation  of  the 
muscles  with  creatine,  thereby  resulting  in  the  liberation  of  muscle 
creatinine.  If  such  were  the  mechanism,  it  seems  probable  that 
the  muscles  would  absorb  creatine  to  the  saturation  point,  and 
liberate  the  maximum  amount  of  endogenous  creatinine  after 
doses  of  far  less  than  20  gm.  of  creatine.  Judging  by  the  output 
of  unchanged  substance,  5  gm.  of  creatine  are  considerably  more 
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than  the  muscles  are  inclined  to  absorb.  We  believe  that  the 
only  logical  deduction  from  these  data  is  that  a  portion  of  the 
exogenous  creatine  was  transformed  into  creatinine  and  elimi- 
nated in  the  urine. 

In  Experiment  3  we  were  unable  to  detect  any  conversion  of 
creatinine  into  creatine.  Apparently  the  dehydration  of  creatine 
is  not  a  reversible  reaction  in  man.  Approximately  80  per  cent 
of  the  creatinine  was  recovered  unchanged  in  the  urine  after  the 
introduction  of  16  gm.  The  remaining  20  per  cent  failed  to  re- 
appear in  any  form. 

CONCLUSIONS. 

1.  The  ingestion  of  large  doses  (20  gm.)  of  creatine  in  man  leads 
to  a  very  perceptible  increase  (0.30  to  0.49  gm.)  in  the  output  of 
creatinine.  This  increase  in  urinary  creatinine  is  attributed  to  a 
conversion  of  creatine  into  its  anhydride,  and  not  to  an  increase 
in  the  output  of  endogenous  creatinine. 

2.  The  ingestion  of  large  doses  (16  gm.)  of  creatinine  is  not 
followed  by  the  appearance  of  creatine  in  the  urine.  This  indi- 
cates that  the  reaction  Creatine— ►  Creatinine  +  Water  is  probably 
not  a  reversible  one  in  the  human  organism. 

3.  No  evidence  was  obtained  indicating  a  transformation  of  crea- 
tine or  creatinine  into  urea  by  the  body  cells.  On  the  contrary, 
urea  is  probably  not  a  catabolic  product  of  these  substances. 


THE  RELATION  BETWEEN  THE  CONFIGURATION  AND 
ROTATION  OF  EPIMERIC  MONOCARBOXYLIC 

SUGAR  ACIDS.    H.* 

By  P.  A.  LEVENE  and  G.  M.  MEYER. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  5,  1916.) 

The  theoretical  considerations  that  led  up  to  the  present  work 
were  discussed  in  a  previous  communication.  On  the  ground  of 
Hudson's  investigations1  one  feels  secure  in  accepting  at  least 
for  the  sugar  series  the  validity  of  the  superposition  theory  of  the 
molecular  optical  rotation.  On  the  basis  of  this  assumption  every 
pair  of  epimeric  sugar  acids  may  be  graphically  expressed  as: 

COOH  COOH 

I  I 

HCOH      and     HOCH 

I  I 

R  R 

and  the  rotation  of  the  radical 

COOH 

I 
CHOH 


may  be  accepted  =  ±  A,  and  that  of  R  =  +  B.  Accepting 
M  =  the  empirical  specific  rotation  of  one  form,  and  N  = 
that  of  the  epimer,  then  the  rotatory  power  of  A  may  be  calcu- 
lated to  be  ±  — s — • 

If  this  rule  could  be  proven  true  for  the  known  sugar  acid  it 
could  serve  for  the  determining  of  the  structure  of  the  higher  syn- 

*  Levene,  P.  A.,  J,  Biol.  Chem.,  1915,  xxiii,  146. 

1  Hudson,  C.  S.,  J.  Am.  Chem.  Soc.,  1909,  xxxi,  66;  1910,  xxxii,  338;  1911, 
xxxiii,  405. 
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thetic  sugars,  and  also  for  some  natural  sugars  the  structure  o& 
which  is  not  completely  worked  out. 

Furthermore,  it  was  hoped  also  on  the  basis  of  Hudson's  ex 
perience  with  glucosides    and  polysaccharides   that  radical 
would  be  found  to  have  a  constant  or  nearly  constant  value  for  th 
salts  of  all  acids  with  the  same  base.    In  a  way  this  expectatio: 
was  borne  out  by  the  values  found  by  Nef2  for  the  specific  rota 
tion  of  the  brucine  salts  of  xylonicand  lyxonic  acids,  and  of  strych 
nine  salts  of  the  gluconic  and  mannonic,  and  of  gulonic  and  idonic 
acids.     For  the  first  pair  A  was  found  to  equal  =*=  4.43,  for  the 
second  =fc  3.97,  and  for  the  third  =*=  4.38. 

If  this  rule  were  found  to  hold  for  all  known  acids,  it  could  be 
applied  as  a  basis  for  purification  of  those  acids  the  purity  of 
which  has  as  yet  not  been  established. 

In  the  hexonic  acid  series  one  pair  of  epimers  is  obtained  in 
form  of  their  crystalline  lactones  (gluconic  and  mannonic).  The 
two  corresponding  parent  substances  are  naturally  occurring  and 
crystalline  sugars,  glucose  and  mannose.  The  purity  of  these 
two  need  not  be  questioned.  The  same  applies  to  galactonic  acid. 
This  crystallizes  in  the  form  of  its  lactone,  which  is  derived  from 
a  crystalline  sugar.  Also  gulonicand  allonic  acids  crystallize  in 
the  form  of  lactones,  the  purity  of  which  is  certain.  On  the 
other  hand,  talonic  (epimer  to  galactonic),  idonic  (epimer  to 
gulonic;,  and  altronic  (epimer  to  allonic)  have  not  been  crystal- 
lized, and  were  obtained  each  from  a  mixture  of  the  two  epimers. 
The  purity  of  these  three  acids  is  not  certain. 

At  the  outset  of  the  work  it  was  planned  to  purify  these  three 
acids  until  the  values  for  A  reached  in  each  a  constant  value 
equal  to  that  of  the  gluconic-mannonic  pair.  The  difficulty  of  the 
task  lay  in  the  fact  that  it  was  not  possible  to  find  a  mineral 
base  which  formed  crystalline  salts  with  all  the  acids.  Because 
of  this  it  was  concluded  to  measure  the  rotation  of  the  sodium 
salts.  These  could  not  be  obtained  in  crystalline  form;  but  it 
seemed  an  easy  task  to  obtain  these  salts  in  solutions  of  known 
concentration.  This  actually  was  attained.  But  the  sodium 
salts  do  not  furnish  a  means  of  purification  of  the  acids,  and 
therefore  there  is  no  assurance  that  the  solutions  employed  were 
pure  in  every  instance. 

*  Nef?  J.  U.,  Ann.  Chem.,  1914,  cdiii,  204. 
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On  the  other  hand,  it  was  found  that  brucine  formed  crystal- 
line salts  with  all  hexonic  acids,  and  it  seemed  that  these  salts 
could  serve  the  double  purpose  of  purification  and  of  measur- 
ing A  for  all  acids  under  identical  conditions.  However,  a 
difficulty  was  encountered  here  also  in  the  fact  that  the  brucine 
salts  readily  formed  mixed  crystals  with  brucine.  Analytically 
the  presence  of  brucine  could  not  be  detected.  In  fact  there  is 
reason  to  believe  that  brucine  salts  of  the  three  non-crystalline 
acids  have  not  yet  been  obtained  in  pure  form.  Notwithstand- 
ing this  the  general  rule  of  the  direction  of  the  optical  rotation 
of  A  was  found  to  hold  good  for  the  brucine  salts  of  all  acids; 
namely,  in  acids  having  the  same  configuration  of  the  a  carbon 
atom  as  in  d-gluconic  the  sign  was  plus,  in  those  corresponding 
to  d-mannonic  it  was  minus.  As  regards  the  magnitude  of  the 
rotation  it  was  found  4.6  for  one  pair  and  3.38  for  the  second, 
and  for  the  other  three  pairs  the  values  were  below  these  two. 
In  the  series  of  the  sodium  salts  the  direction  of  the  rotation  of 
A  was  found  to  obey  the  general  law.  The  magnitude  of  the 
rotation,  however,  was  not  constant,  perhaps  for  the  same  reason 
as  in  the  series  of  brucine  salts.  Also  for  the  pair  of  calcium 
salts  of  anhydrogluconic  and  anhydromannonic  the  rule  of  direc- 
tion was  found  to  hold. 

The  values  recorded  in  this  report  are  those  of  specific  and 
not  molecular  rotation,  since  the  work  aimed  principally  to  com- 
pare the  rotatory  power  of  salts  of  the  same  base. 

Further  work  is  in  progress. 

EXPERIMENTAL. 

Gluconic  acid  was  prepared  by  the  oxidation  of  glucose  with 
bromine.  The  acid  was  obtained  as  a  syrup  and  converted  into 
the  calcium  salt  which  was  recrystallized  several  times  from 
water.  This  purified  calcium  gluconate  was  used  for  the  prepa- 
ration of  the  sodium  and  brucine  salts. 

Sodium  Gluconate. — This  salt  was  not  isolated,  but  a  solution 
containing  a  calculated  amount  of  salt  as  determined  by  titration 
was  used  for  polarization. 

2.6338  gm.  of  calcium  gluconate  were  dissolved  in  a  small 
amount  of  water  and  freed  of  calcium  by  a  calculated  quantity 
of  oxalic  acid.     The  filtrate  was  concentrated  and  then  made  up 
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to  10  cc.  in  a  volumetric  flask.  2  cc.  of  this  solution  were  re- 
moved and  allowed  to  stand  for  12  hours  with  an  excess  of  0.1  n 
NaOH.  The  uncombined  NaOH  was  titrated  back  with  0.1  n 
hydrochloric  acid,  using  phenolphthalein  as  indicator.  To  the 
remaining  8  cc.  the  calculated  amount  of  2  n  NaOH  was  added 
and  the  solution  again  made  up  to  10  cc.  This  solution  was 
employed  for  optical  measurements. 

By  this  procedure  2.08  gm.  of  sodium  gluconate  in  10  cc.  gave : 

T  _  +  2.45-  X  10  _ 
1   Jd  1X2.08  T 

Brucine  Gluconate. — Calcium  was  removed  quantitatively  from 
5  gm.  of  calcium  gluconate  by  means  of  oxalic  acid  and  the  solu- 
tion of  gluconic  acid  boiled  with  the  calculated  amount  of  bru- 
cine. The  solution  was  then  concentrated  and  the  excess  bru- 
cine removed  with  98  per  cent  alcohol.  The  brucine  gluconate 
was  recrystallized  out  of  95  per  cent  alcohol  until  it  reached  con- 
stant rotatory  power  and  till  it  gave  correct  analytical  figures. 
Five  recrystallizations  were  required  for  this  purpose.  The 
substance  was  dried  at  100°,  under  diminished  pressure.  It 
melted  at  155°. 

0.1004  gm.  substance  gave  0.2175  gm.  CO*  and  0.0569  gm.  HsO. 

Calculated  for 
C»H»aNflOu:  Found: 

C 58.04  59.08 

H 6.48  6.64 

-  0.41°  X  1.975 


fa  L  = -  —  15.95' 

1    JD       1X0.0505X1.005 


d-Mannonic  Acid. — This  was  prepared  by  the  oxidation  of 
d-mannose  with  bromine.  The  acid  was  readily  converted  into 
the  lactone  which  was  recrystallized  several  times  out  of  boiling 
alcohol.  The  lactone  was  used  for  the  preparation  of  the  sodium 
and  brucine  salts. 

Sodium  Mannonate. — To  0.7850  gm.  mannonic  lactone,  equiva- 
lent to  0.952  gm.  sodium  salt,  8.82  cc.  0.5  n  sodium  hydroxide  were 
added  and  the  solution  was  made  up  to  10  cc.  in  a  normal  vol- 
umetric flask. 

r  _  -  0.84°  X  10  =  _ 
L    jD  1X0.952 
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Brucine  Manaonate. — Several  gm.  of  mannonic  lactone  dis- 
solved in  water  were  boiled  for  some  time  with  a  slight  excess  of 
brucine.  The  excess  of  brucine  was  removed  with  98  per  cent 
alcohol.  The  brucine  salt  was  recrystallized  three  times  out  of 
95  per  cent  alcohol.  The  salt  was  dried  at  100°  under  diminished 
pressure.     It  melted  at  212°. 

0.1012  gm.  substance  gave  0.2199  gin.  CO,  and  0.0602  gm.  H»0. 


c 

Calculated  for 
CaHatNtOu : 

58.94 

Found: 

59.25 

H 

6.48 

6.65 

];.=   -0.67'X  2.5635 
L    JD       1X0.0663X1.008 

d-G  atonic  Acid. — This  was  prepared  from  d-xylose  by  the  addi- 
tion of  hydrocyanic  acid.  The  product  of  the  reaction  was 
saponified  with  barium  hydroxide  and  the  barium  removed  with 
hydrogen  sulfide.  On  concentrating  this  solution  to  a  syrup 
gulonic  lactone  soon  crystallizes.  The  lactone  was  purified  by 
recrystallizing  from  60  per  cent  alcohol,  and  was  used  for  the 
preparation  of  the  sodium  and  brucine  salts. 

Sodium  Gulonate.—This  was  not  isolated.  The  quantity  of 
sodium  hydroxide  required  to  neutralize  a  definite  quantity  of 
gulonic  lactone  was  determined  on  a  separate  sample.  For  opti- 
cal measurements  0.7648  gm.  gulonic  lactone  previously  dried 
under  diminished  pressure  at  100°  was  dissolved  in  a  small  quan- 
tity of  water  in  a  standardized  10  cc.  volumetric  flask,  and  4.28 
cc.  n  NaOH  were  added.  The  solution  was  allowed  to  stand  for 
several  hours  before  making  up  to  volume. 

0.7648  gm.  gulonic  lactone  is  equivalent  to  0.938  gm.  sodium  gulonatc 
Jn  a  1  dm.  tube  this  solution  gave  a  =  +  1.19°. 

r   v.       +  1.19°  X  10       ,   inooo 

\a\r>  = ^    nn     =  +  12.68° 

1    jD  IX  0.938 

Brucine  Gulonate. — This  salt  was  prepared  also  from  the  lactone 
and  was  repeatedly  recrystallized  from  95  per  cent  alcohol  until 
the  physical  properties  remained  constant.  The  salt  was  dried 
under  diminished  pressure  at  100°;  it  then  melted  at  162-4°. 


360  Epimeric  Monocarboxylic  Sugar  Acids.     II 

0.1008  gm.  substance  gave  0.2178  gin.  COs  and  0.0596  gm.  HaO. 

Calculated  for 
CaHuNtOu:  Found: 

C 58.94  58.94 

H 6.48  6.61 

[«C  =    -°-55°X2-0646   -  -  19.59'  ' 
L   jD       1X0.0576X1.006 

Idonic  Acid. — This  was  obtained  from  the  mother  liquors  of  the 
gulonic  acid  lactone.  The  syrup  was  shaken  with  five  parts  of 
50  per  cent  sulfuric  acid  and  two  molecules  of  benzaldehyde.3 
After  some  time  the  dibenzalidonate  separated.  This  was  filtered 
and  washed  with  ice  cold  water  and  then  cold  alcohol  until  freed 
from  acid,  and  then  recrystallized  from  95  per  cent  alcohol.  The 
dibenzalidonate  was  then  hydrolyzed  with  dilute  sulfuric  acid, 
the  sulfuric  acid  removed  quantitatively  with  barium  hydroxide, 
and  the  solution  of  idonic  acid  concentrated  to  a  syrup.  This 
syrup  of  idonic  acid  was  converted  into  the  brucine  salt. 

Brucine  Idonate. — This  recrystallized  from  95  per  cent  alcohol 
and,  dried  at  100°  under  diminished  pressure,  melted  at  188°. 

0.1050  gm.  substance  gave  0.2271  gm.  CO*  and  0.0619  gm.  HjO. 

Calculated  for 
CvHmNiOu:  Found: 

C :.        58.94  58.98 

H 6.48  ,6.59 

-  0.65°  X  2.002 


|« L  = =  -  25.79° 

L    jD       1X0.0502X1.005 


Sodium  Idonate. — This  was  prepared  from  the  above  brucine 
salt  but  no  attempt  was  made  to  isolate  the  substance.  Brucine 
idonate  dissolved  in  water  was  freed  of  brucine  by  means  of 
barium  hydroxide  and  the  brucine  removed  by  shaking  out  the 
solution  with  chloroform.  The  aqueous  solution  was  completely 
freed  of  barium  by  sulfuric  acid,  and  concentrated  to  a  syrup. 
The  absence  of  brucine  was  established  by  a  qualitative  test. 
This  syrup  was  dissolved  in  a  small  quantity  of  water,  transferred 
to  a  10  cc.  volumetric  flask,  and  made  up  to  that  volume.  A 
weighed  portion  of  this  solution  was  allowed  to  stand  over  night 

3  Van  Ekenstein,  W.  A.,  and  Blanksma,  J.  J.,  Rec.  trav.  chim.  Pays-Bas, 
1908,  xxvii,  1. 
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with  an  excess  of  0.1  n  sodium  hydroxide  and  the  removed  sodium 
hydroxide  titrated  back  with  0.1  n  hydrochloric  acid. 

0.20213  gm.  idonic  acid  solution  required  for  neutralization  12.90  cc. 
0.1  n  NaOH. 

Another  quantity,  3.0306  gm.,  was  neutralized  with  0.97  cc. 
2  n  sodium  hydroxide  and  made  up  to  5  cc.  in  a  standard  5  cc. 
volumetric  flask.  This  solution  contained  0.4158  gm.  sodium 
idonate  and  was  used  for  optical  measurements. 

]n  m  -0-21°  X  5.0  _  _ 
1   jD         1X0.4158 

Galactose. — This  was  oxidized  with  bromine,  and  the  liquid,  freed 
from  bromine  and  hydrobromic  add,  was  concentrated  to  a  syrup. 
To  this  syrup  glacial  acetic  acid  was  added,  and  the  mass  soon 
solidified  to  the  lactone.  This  was  washed  free  from  acetic  acid 
and  recrystallized  from  alcohol.  A  titration  of  this  crystalline 
material  dried  under  diminished  pressure  at  100°  gave  evidence 
of  its  being  entirely  lactone.  It  was  allowed  to  stand  24  hours 
before  titrating  back  with  0.1  n  hydrochloric  acid. 

0.5970  gm.  substance  needed  for  neutralization  32.8  cc.  0.1  n  NaOH. 
Required  by  calculation  for  lactone,  33.5  cc.  0.1  n  NaOH;  for  acid,  30.4 
cc.  0.1  n  NaOH. 

This  lactone  was  used  for  the  preparation  of  the  sodium  and 
brucine  salts. 

Sodium  Galactonate. — 0.8184  gm.  of  lactone,  equivalent  tQ 
1.002  gm.  sodium  galactonate,  dissolved  in  a  small  quantity  of 
water  in  a  10  cc.  volumetric  flask,  was  allowed  to  stand  with  9.2 
cc.  0.5  n  sodium  hydroxide  and  then  made  up  to  volume. 

];;  _ +0.04' X  10 
1   jD  1X1.002         T 

Brucine  Galactonate. — Several  gm.  of  galactonic  lactone  dis- 
solved in  water  were  boiled  with  an  excess  of  brucine  for  several 
hours.  The  liquid  was  concentrated  to  a  small  volume  and  the 
excess  brucine  removed  with  98  per  cent  alcohol.  The  brucine 
salt  was  recrystallized  repeatedly  from  95  per  cent  alcohol  until 
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it  possessed  constant  properties.    Dried  at  100°  under  diminished 
pressure  it  melted  at  170°. 

0.1012  gm.  substance  gave  0.2193  gm.  COi  and  0.0607  gm.  H*0. 

Calculated  for 
CaHatNsOu:  Found: 

C 58.04  59.09 

H 6.48  6.71 

<sa   -  0.55-  X  2.0144 
1    JD       1X0.0524X1.006 

Talonic  Acid. — Galactonic  acid  was  treated  in  an  autoclave 
with  pyridine  at  160°  for  several  hours,  and  the  talonic  acid  as  far 
as  possible  was  separated  from  the  galactonic  acid  by  means  of  the 
cadmium  and  lead  salts,  and  finally  as  the  brucine  salt.  As  Nef 
has  already  pointed  out,  the  complete  separation  of  galactonic 
and  talonic  acid  is  very  difficult.  The  brucine  salt,  which  was 
obtained  by  the  above  process  was  recrystallized  several  times 
from  95  per  cent  alcohol  and  dried  at  100°  under  diminished 
pressure,  had  a  melting  point  of  132°. 

0.1016  gm.  substance  gave  0.2198  gm.  C02  and  0.0589  gm.  HsO. 

Calculated  for 

CaHatNsOu:  Found: 

C 58.94  58.99 

H 6.48  6.48 

[«]»  =  -0-W'xaJna  =  _  2(U5<> 

1    jD       1X0.0505X1.005 

d-Allonic  Acid. — This  was  obtained  from  d-ribose  by  the  addi- 
tion of  prussic  acid.  The  substance  was  isolated  as  the  lead  salt, 
which  was  decomposed.    On  standing,  the  lactone  crystallized. 

Sodium  Allonate. — This  was  prepared  from  the  lactone.  0.4108 
gm.  lactone,  equivalent  to  0.501  gm.  sodium  salt,  was  dissolved 
in  a  small  quantity  of  water  in  a  5  cc.  volumetric  flask  and  neu- 
tralized with  4.41  cc.  0.5  n  NaOH. 

1    jD         1X0.501 

Brucine  Allonate. — This  was  prepared  from  the  lactone.  It  was 
recrystallized  from  95  per  cent  alcohol  and  dried  under  diminished 
pressure  at  100°.     It  melted  at  160°. 
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0.0994  gm.  substance  gave  0.2152  gm.  CO*  and  0.0570  gm.  HtO. 

Calculated  for 
CaHuNsOii:  Found: 

C 58.94  58.77 

H 6.48  6.42 

r   r  _  -  0.53°  X  2.0277 

1   Jd  1  X  0.0505    .   ~      2L28 

d-Altronic  Acid. — This  was  the  predominating  substance  in  the 
preceding  experiment.  It  was  isolated  as  the  calcium  salt.  The 
substance  was  repeatedly  recrystallized  from  water.  Allonic  acid 
does  not  form  a  water-insoluble  calcium  salt. 

Sodium  Altronate. — 1.1054  gm.  calcium  altronate  were  exactly 
freed  of  calcium  with  oxalic  acid.  The  filtered  solution  was  con- 
centrated to  a  syrup.  This  syrup  was  dissolved  in  water  in  a  10 
cc.  standardized  volumetric  flask.  2  cc.  of  this  solution  were 
removed  and  titrated  to  sodium  hydroxide.  In  this  particular  in- 
stance 2  cc.  required  8.9  cc.  0.1  n  NaOH.  The  remaining  8  cc. 
were  now  neutralized  with  the  calculated  amount  of  2  n  NaOH, 
made  up  to  10  cc,  and  allowed  to  stand  for  several  hours.  By 
calculation  these  8  cc.  contain  0.778  gm.  sodium  altronate.  The 
rotation  was  taken  in  a  2  dm.  tube. 

[«E  -  -a63X1°  =  -  4.05° 
L    jD         2X0.778 

Brucine  Altronate. — Calcium  altronate,  about  2.5  gm.,  was  ex- 
actly freed  of  calcium  and  the  filtrate  boiled  with  brucine.  The 
excess  brucine  was  removed  by  shaking  with  chloroform  in  a  sepa- 
rately funnel,  and  the  aqueous  solution  concentrated.  The  bru- 
cine salt  was  repeatedly  recrystallized  from  95  per  cent  alcohol 
and  dried  under  diminished  pressure  at  100°.     It  melted  at  158°. 

0.1050  gm.  substance  gave  0.2263  gm.  C02  and  0.0598  gm.  HaO. 


C. 
H 


Calculated  for 
CaHaaNaOn: 

Found: 

58.94 

58.79 

6.48 

6.37 

r   Vo       -  0.59°  X  2.0232 

[a  L =  -  23.82° 

L   jD  1X0.0501 
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Chitonic  Acid,  Calcium  Salt. — Chitonic  acid  was  prepared  from 
glucosamine  chlorohydrate  according  to  Fischer  and  Tiemann.4 
It  was  obtained  and  analyzed  in  the  form  of  its  calcium  salt. 

0.0998  gm.  substance  gave  0.1217  gm.  CO*,  0.0470  gm.  HjO,  and  0.0131 
gm.  CaO. 

Calculated  for 
(C«H«0«)  Ca  +  2HsO :         Found : 

C 33.47  33.26 

H 5.11  5.22 

Ca 13.07  13. 12 

[«g-    +  3.32°  X  2.129 
1   jD       1X0.2000X1.05 

Brucine  Chitonate. — 7.0  gm.  of  the  calcium  salt  were  suspended 
in  water  and  boiled  for  \  hour  with  the  calculated  amount  of 
oxalic  acid.  The  filtrate  was  treated  with  brucine  in  the  usual 
manner.  The  final  product  was  recrystallized  from  95  per  cent 
ethyl  alcohol.     It  melted  at  222°. 

0 

0.0974  gm.  substance,  dried  under  diminished  pressure  at  the  tempera- 
ture of  steam,  gave  0.2160  gm.  CO*  and  0.0570  gm.  H»0. 

Calculated  for 
C«Hi«Oc  •  d»H»NiO«:       Found: 

C 60.81  60.48 

H 6.34  6.55 


-  0.22°  X  2.0919 
.0541X1.005 


1   jD       1X0.C  — 


Chitaric  Acid,  Calcium  Salt. — Chitaric  acid  was  prepared  from 
pure  glucosamine  acid  according  to  Fischer  and  Tiemann.  It 
was  isolated  in  the  form  of  its  calcium  salt.  The  salt  was  once 
recrystallized  out  of  water  in  the  form  of  large  colorless  crystals. 

The  rotation  of  the  calcium  salt  was  as  follows: 


[«E  =    +6-85°X2192    =  +  70.29 
L   jD       1X0.2042X1.046 


o 


Brucine  Chitarate. — 2.0  gm.  of  the  calcium  salt  were  suspended 
in  water  and  boiled  with  the  theoretical  amount  of  oxalic  acid  for 
i  hour.    The  filtrate  was  converted  into  the  brucine  salt  in  the 

4  Fischer,  E.,  and  Tiemann,  F.,  Ber.  chem.  Ges.,  1894,  xxvii,  138. 
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usual  way.    The  final  product  was  recrystallized  out  of  95  per 
cent  alcohol.    It  melted  at  195°. 

0.1002  gm.  substance,  dried  under  diminished  pressure  at  the  tempera- 
ture of  water  vapor,  gave  0.2246  gm.  CO*  and  0.0592  gm.  HiO. 


C. 
H 


Calculated  for 
CcHitOc  •  CmH»Ni04: 

60.81 
6.34 


Found: 

61.12 

6.56 


r   i„  _    -0.08°  X  2.0413 

laJo ""  1  X  0.( 


.0547X1.006 

TABLE  I. 
Inorganic  Salts. 


-2.96* 


rf-Na  gluconate. . 
"      mannonate. 

"      gulonate 

"      idonate 

"      galactonate 

"      talonate 

"      allonate 

"      altronate . . 

d-Ca  chitarate. . . 
"      chitonate... 


20 
10 
10 
10 
10 
10 
10 
10 
10 
10 


M 


+11.78 

-  8.82 
+12.68 

-  2.52 
+  0.40 

Not  determined. 
+  4.30 

-  4.05 
+70.29 
+33.65 


+10.29 
-10.29 
+  7.60 
-  7.60 


+  4.20 
-  4.20 
+  18.32 
-18.32 


TABLE  U. 
Brucine  Salts. 


((-Gluconate. . 
d-Mannonate. 
d-Gulonate. . . 

d-Idonate 

d-Galactonate 

rf-Talonate 

d-  Allonate 

d- Altronate. . . 

Chitarate 

Chitonate 


M.P. 

C 

•c. 

155 

2.5 

212 

2.5 

162-4 

2.5 

188 

2.5 

170 

2.5 

132 

2.5 

160 

2.5 

158 

2.5 

195 

5.0 

222 

5.0 

w 


-15.95 
-25.70 
-19.59 
-25.79 
-21.01 
-26.15 
-21.28 
-23.82 

-  2.96 

-  8.47 


+4.85 

-4.85 

+3.1 

-3.1 

+2.57 

-2.57 

+1.28 

-1.28 

+2.72 

-2.72 
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THE  OPTICAL  ROTATION  OF  EPIMERIC 
a-HEXOSAMINIC  ACIDS. 

By  P.  A.  LEVENE. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  5,  1916.) 

The  preceding  paper1  contains  data  showing  that  in  each  pair 
of  hexonic  acids  the  member  which  has  the  same  configuration 
of  the  a-carbon  atom,  as  d-gluconic  acid,  possesses  either  a  higher 
dextrorotation  or  a  lower  levorotation  than  the  epimer.  From 
this  it  follows  that  in  mixtures  of  unequal  parts  of  two  epimeric 
acids,  the  one  which  possesses  a  higher  dextro-  or  a  lower  levoro- 
tation contains  a  higher  proportion  of  the  member  having  the 
configuration  of  the  a-carbon  atom,  as  in  d-glucose.  And 
still  further,  having  the  value  of  the  rotation  of  one  epimer 
in  its  pure  form,  and  that  of  a  mixture  of  the  two,  one  may  from 
these  data  conclude  regarding  the  configuration  of  the  a-carbon 
atom  in  each  epimer.  On  the  basis  of  this  it  was  attempted  to 
compare  the  rotation  of  epimeric  a-hexosaminic  acids  with  a 
view  to  finding  an  indication  as  to  the  respective  positions  of  the 
amino  group  in  each  member  of  a  given  pair. 

However,  at  present  there  are  known  only  five  a-hexosaminic 
acids,  all  of  the  d  series,  and  since  in  each  series  eight  acids  of  four 
pairs  of  epimers  are  possible,  there  exists  evidently  a  lack  of  three 
amino-acids  of  the  series.  In  order  to  fill  in  the  gap  the  method 
of  Fischer  was  resorted  to,  by  which  the  heating  of  a  sugar  acid 
with  pyridine  leads  to  the  formation  of  its  epimer.  True,  it  is 
not  always  an  easy  task  to  separate  each  member  of  the  pair  in 
pure  state.  Fortunately  for  the  purpose  of  the  present  investi- 
gation this  was  not  essential,  as  (this  was  pointed  out  above)  the 
value  of  the  rotatory  power  of  one  member  in  pure  form  and  that 
of  a  mixture  of  the  two  furnish  enough  data  for  conclusions  re- 
garding the  configuration  of  the  a-carbon  atom  of  each  member 
of  the  pair. 

1  Levene,  P.  A.,  and  Meyer,  G.  M.,  J.  Biol.  Ghent.,  1916,  xxvi,  355. 
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Unfortunately  the  supply  of  ribohexosaminic  acid  in  our 
session  was  not  sufficient  for  the  work,  and  the  present  observ 
tions  are  limited  to  three  pairs  of  a-hexosaminic  acids. 

The  mode  of  procedure  was  the  following:  An  aqueous  solutio 
of  the  acid  with  pyridine  was  heated  in  sealed  tubes  at  100-105 
for  periods  varying  between  5  and  24  hours,  and  the  resultin 
amino-acids  were  fractionated  until  one  fraction  was  obtained 
which  the  value  of  the  optical  rotation  differed  markedly  fro 
that  of  the  original  substance. 

Table  I  contains  the  results  of  the  observations. 


Ci- 


table i. 


Acid. 


I.  d-Glucosaminic 

II.  d-Xylohexosaminic 

III.  (J-Chondrosaminic 

IV.  d-Lyxohexosaminic 


Original. 


-15.02° 

+11.77° 

-16.15° 

-3.58° 


W 


After  treatment  with  pyridine. 


+2.11°,  +6.75°,  +7.72°,  +8. 
+15.47° 
-  4.83° 
-6.08° 


Each   of  these    four   acids   may   have  one  of  two  possibl 
configurations. 


a 
COOH 


NH,CH 


OHCH 


or 


HCOH 


HCOH 


CH,OH 


b 
COOH 


OHCH 


HOOH 


HCOH 


II 


a 
COOH 


HCNH,       NH,CH 


CH,OH 


HCOH 


or 


OHCH 


HCOH 


CH,OH 


b 
COOH 


III  and  IV 

a  b 


HCNH, 


HCOH 


OHCH 


COOH 

I 
NHiCH 

""I 
OHCH 

I 
OHCH 


H 


hcm£ 

I 


-0IHt 


HOOH 


OHCH 
or         | 
OHCH 

HCOH  HCO 

I 


CH.OH 


CHtOH 


CHi<J* 


Accepting  for  the  term  "increase"  in  the  value  of  the  optical 
rotation  any  change  from  (— )  towards  (0)  towards  (+),  one 
readily  sees  that  any  change  in  configuration  (a)  towards  (6) 
must  lead  to  an  "increase,"  and  vice  versa. 
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The  table  shows  for 


Glucosaminic  acid,  increase  in  rotation. 
Xylohexosaminic  acid,  increase  in  rotation. 
Chondrosaminic  acid,  "         "         " 

Lyxohexosaminic  acid,      fall       "         " 

On  the  basis  of  this  one  would  assign  to 

Glucosaminic  acid  the  configuration  of  mannosaminic  acid. 
Xylohexosaminic  (synthetic)       "       "   idosaminic  " 

Chondrosaminic  "       "  talosaminic         " 

Lyxohexosaminic  (synthetic)       "       "   galactosaminic  " 

Of  course,  one  must  realize  that  for  the  present  this  evidence 
may  be  accepted  only  in  the  sense  of  an  indication,  which  has 
to  be  substantiated  by  more  direct  methods.  It  is  interesting  in 
connection  with  this  to  compare  the  results  of  addition  of  prussic 
acid  to  pentoses  and  to  the  imines  of  pentoses.  The  predomi- 
nating forms  are : 

Observations  of  Fischer  and  coworkers : 

From  arabinose mannonic  acid. 

"     xylose gulonic        " 

"     lyxose galactonic  " 

Conclusions  on  the  basis  of  present  observations : 

From  arabinosimine mannosaminic  acid. 

"     xylosimine   idosaminic  " 

"     lyxosimine galactosaminic    " 

It  is  noteworthy  that  if  these  deductions  were  to  prove  true, 
it  would  appear  that  the  configuration  of  the  two  amino  sugars 
occurring  in  animal  tissue  are  the  epimeric  forms  of  the  two 
aldohexoses  found  in  the  tissues. 

Efforts  to  solve  the  problem  of  the  configuration  of  the  a-carbon 
atom  by  methods  more  directly  chemical  are  now  in  progress. 

It  is  also  contemplated  to  employ  the  pyridine  method  for 
preparation  of  the  three  missing  hexosaminic  acids  in  pure  form. 

EXPERIMENTAL   PART. 

Glucosaminic  Acid.  Experiment  I. — 2.5  gm.  of  glucosaminic 
acid  were  taken  up  in  30.0  cc.  of  water  and  12  cc.  of  pyridine  and 
heated  in  sealed  tubes  for  24  hours  at  103-105°C.     At  the  end  of 
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the  experiment  the  solution  turned  light  brown,  but  remained 
perfectly  clear  and  transparent.  Four  such  experiments  were 
combined.  The  solution  was  concentrated,  decolorized,  and 
acetone  added  until  the  solution  began  to  crystallize  on  scratch- 
ing the  walls  of  the  vessel  with  a  glass  rod.  This  precipitate  on 
drying  had  [a]"  =  —14.5°.  The  mother  liquor  was  concen- 
trated to  very  small  volume  and  acetone  was  added  until  a  small 
oily  mass  separated.  On  standing  it  crystallized.  The  sub- 
stance was  slightly  colored,  hence  it  was  taken  up  in  water  and 
bone-blacked,  dissolved  in  water,  and  acetone  added  until  the 
substance  began  to  crystallize.  To  afford  a  speedy  reading,  this 
was  made  in  the  Abderhalden  tubes.  The  substance  had  the 
following  composition. 


0.0992  gm.  substance  gave  0.1347  gm.  CO*  and  0.0576  gm.  HtO. 


C. 
H. 


Calculated  for 
CcHiiNO*: 

36.92 

6.66 


Found: 

37.03 

6.50 


The  rotation  was  as  follows:1 

Initial. 
1   Jd  0.5     X  0.2000      + 


Equilibrium. 
r   ltt      +  0.92°  X  4.2890  _     a 

M°=      0.5     X 0.2000  °+3945 


Experiment  II. — 10.0  gm.  of  glucosaminic  acid  were  treated  in 
four  tubes  as  in  Experiment  I.  At  the  end  of  the  experiment  the 
solution  was  found  to  l>e  rather  dark.  Fractionation  was  carried 
out  in  the  same  manner  as  in  Experiment  I.  The  first  fraction 
had  [a£  =  - 14.5°. 


The  rotation  of  the  substance  was  the  following. 

+  0.05°  X  4.2300 


[<  - 


0.5     X  0.2000 


+  2.11' 


Experiment  III. — 10.0  gm.  of  glucosaminic  acid  were  taken  up 
with  120.0  cc.  of  water  and  50.0  cc.  of  pyridine  were  heated  in 
sealed  tubes  at  103°C.  for  12  hours.  At  the  end  of  the  experi- 
ment the  solution  turned  brown.     On  cooling,  some  of  the  acid, 


2  All  rotations  reported  in  this  paper  were  taken  in  2.5  per  cent  hydro- 
chloric acid  solution. 
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separated  out  in  the  tubes.  Two  experiments  were  combined. 
The  quantity  separated  =  5.0  gm.  Once  recrystallized  the  sub- 
stance had  [afl  =  —15.0°.  An  attempt  was  made  to  concen- 
trate the  mother  liquor  under  diminished  pressure,  but  the  solu- 
tion foamed  so  badly  that  the  experiment  was  interrupted  and 
alcohol  was  added.  A  precipitate  formed  which  was  removed 
by  filtration.  To  the  filtrate  more  methyl  alcohol  and  acetone 
were  added.  On  standing  at  0°C.  for  24  hours  a  crystalline  de- 
posit formed. 

i 

The  substance  had  the  following  rotations: 

f1»       +  0.16°  X  4.2228 

l°J»  "      0.5     X  0.2000  "  +  675 

The  substance  was  again  recrystallized  out  of  water  and  methyl  alco- 
hol, and  then  rotated  as  follows: 

f    ,»       +  0.20°  X  4.2866 

t    ]»  "       0.5      X  0.2000  "  +  8W 

• 

Xylohexosaminic  Acid. — 3.0  gm.  of  xylohexosaminic  acid  were 
taken  up  in  30.0  cc.  of  water  and  12.0  cc.  of  pyridine  and  heated 
in  sealed  tubes  at  105°C.  for  24  hours.  The  solution  was  dark 
brown  at  the  end  of  the  experiment.  It  was  concentrated  under 
diminished  pressure  and  precipitated  with  acetone.  A  precipi- 
tate formed  which  was  partly  crystalline  and  partly  amorph- 
ous. It  was  taken  up  in  water,  decolorized,  and  on  precipitation 
with  acetone  a  colorless  crystalline  precipitate  formed. 

0.1016  gm.  substance  gave  0.1364  gm.  CO*  and  0.0618  gm.  HsO. 

Calculated  for 
C«HuNO*:  Found: 

C 36.92  36.61 

H 6.66  6.82 

The  rotation  was  as  follows: 

[a]„  _  +  0.24°  X  4.8344  = 
L    jD  0.5      X  0.1500 

Chandrosaminic  Acid. — 2.0  gm.  of  chondrosaminic  acid  were 
taken  up  in  20.0  cc.  of  water  and  12.0  cc.  of  pyridine,  and  heated 
in  sealed  tubes  at  100°C.  for  5  hours.     At  the  end  of  the  experi- 
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ment  the  solution  was  dark  brown  and  on  cooling  a  small 

talline  deposit  was  found  in  the  tube.     The  mother  liquor  wa 

filtered  and  concentrated  under  diminished  pressure.     A  smal 

crystalline  deposit  formed.     All  dissolved  on  warming,  and 

tone  was  added  until  the  substance  began  to  crystallize.     Th-MzlTie 

crystalline  mass  was  dissolved  in  water,  decolorized,  and  again 

made  to  crystallize  by  means  of  acetone. 

0  1034  gm.  substance  gave  0.1380  gm.  C02  and  0.0622  gm.  H,0. 


C. 
H. 


Calculated  for 
C«HnNO»: 

Found: 

36.92 

36.61 

6.66 

6.77 

The  rotation  of  the  substance  was  as  follows : 

Initial.  Equilibrium. 

f   p  _  -0.10°  X  3.(3522  _         .  0         r    i«  _  ~  0.49°  X  3.6522       _ 
1"Jd  0.5     X  0.1500"         ™  laJo"       0.5      X  0.1500 =       ^ 

Lyxohexosaminic  Acid. — 1.0  gm.  of  lyxohexosaminic  acid  wa^""^  ^ 
taken  up  in  10.0  cc.  of  water  and  6.0  cc.  of  pyridine  and  heated  i%.  -^in 
a  sealed  tube  for  5  hours  at  100°C.     At  "the  end  of  the  experimenr  M^s& 
the  solution  had  a  dark  brown  color.     It  was  concentrated  t*^*~  ™ 
very  small  volume,  taken  up  in  methyl  alcohol,  and  acetone  addedB^  ^ 
until  the  substance  began  to  crystallize.     The  sediment  wafr  0*>'** 
then  dissolved  in  hot  water,  decolorized  with  charcoal,  filtered-fc*^** 
and    to   the    filtrate   acetone  was  added    until  the    substanc*^* MCC 
began  to  crystallize. 

It  had  the  following  composition. 

0.0980  gm.  substance  gave  0.1304  gm.  CO*  and  0.0622  gm.  H»0. 

Calculated  for 
C.HuNO*:  Found: 

C 36.92  36.36 

II 6.66  7.07 

The  rotation  of  the  substance  was  as  follows: 

Initial.  Equilibrium. 

r   ia7       -  0.17°  X  3.3752  _  amo         r    l27       -  0.50°  X  3.3752  M  M 

fa L  = =  -  7.65°  aL  = —  —  22.50 

1   Jd  0.5      X  0.1500  L    Jd  0.5      X  0.1500 


THE  CONJUGATED  SULFURIC  ACID  OF  FUNIS 
MUCIN  (MUCOITIN  SULFURIC  ACID).    H. 

By  P.  A.  LEVENE  and  J.  LOPEZ-SUAREZ. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research!) 

(Received  for  publication,  July  20,  1916.) 

The  Whartonian  jelly  of  the  umbilical  cord  contains  a  substance 
resembling  mucin  or  mucoids.  The  relation  of  the  substance  to 
other  members  of  the  group  is  not  well  known.  Several  workers 
have  been  engaged  in  the  effort  to  furnish  a  solution  to  this 
problem.  Obolensky1  and  Jernstrom2  approached  the  subject  by  a 
study  of  the  physical  properties  and  ultimate  composition  of  the 
molecule  as  a  whole.  In  recent  years  Cavazzani3  followed  the  same 
plan  of  work.  On  the  other  hand,  Young4  and  Van  Lier6  investi- 
gated into  the  presence  of  a  conjugated  sulfuric  acid  in  the  mole- 
cule of  this  substance,  named  by  Young  "funis  mucin."  Young 
failed  to  find  evidence  of  the  presence  of  a  conjugated  sulfuric 
acid.  On  the  other  hand,  Van  Lier,  employing  the  method  of 
Levene,  isolated  from  funis-  mucin  a  substance  resembling  chon- 
droitin  sulfuric  acid. 

The  present  work  was  undertaken  with  a  view  to  discovering 
the  chemical  relationship  of  this  conjugated  sulfuric  acid  to  the 
other  substances  of  this  group. 

The  substance  was  isolated  without  any  difficulty,  following 
the  procedure  employed  for  the  same  task  in  course  of  the  work 
on  tendomucoid,6  chondromucoid,7  and  on  the  mucin  of  the  pig's 

1  Obolensky,  S.,  Arch.  ges.  Physiol.,  1871,  iv,  349. 

*  Jernstrom,  E.  A.,  Abstr.  in  Hammarsten  Fortschr.  Tierchem.,  1880,  x, 
34,  original  in  Ldkaref.  Forhandl.,  1879-80,  xv,  434. 

*  Cavazzani,  E.,  Arch.  Fisiol.,  1909,  vi,  138. 
4  Young,  R.  A.,  J.  Physiol,  1894,  xvi,  338. 

*  Van  Lier,  E.  H.  B.,  Z.  physiol.  Chem.,  1909,  lxi,  184. 

*  Levene,  P.  A.,  and  La  Forge,  F.  B.,  J.  Biol.  Chem.,  1914,  xviii,  238. 
7  Levene  and  La  Forge,  J.  Biol.  Chem.,  1903,  xv,  72. 
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stomach.8    In  its  appearance  and  in  its  behavior  towards  acetic^ 
acid,  orcin,  and  naphthoresorcin  the  substance  resembled  chon — 
droitin  sulfuric  acid.     On  the  other  hand,  the  ultimate  composition- 
of  the  acid  had  greater  similarity  to  that  of  the  mucoitin  sulfuric? 
acid  obtained  from  the  mucin  of  the  pig's  stomach.    Also  here 
the  low  percentage  of  sulfuric  acid  probably  is  due  to  partial 
cleavage  of  the  substance  in  the  process  of  preparation.     If  this- 
assumption    proved  correct,  one    would    be  inclined   to    draw" 
the   conclusion   that   chondroitin   and   mucoitin   sulfuric   acids- 
possess  a  different  degree  of  stability,  and  that  the  mineral  acicL 
is  detached  from  the  organic  radicle  with  less  difficulty  in  acids  o 
one  type  than  in  those  of  the  other. 

In  this  connection  one  is  reminded  of  the  two  types  of  nucleo 
tides  and  of  two  types  of  nucleic  acids.    The  phosphoric  acid 
readily  detached  from  guanylic  and  from  a  part  of  the  plan 
nucleic  acids.     On  the  other  hand,  that  of  inosinic  acid,  of  th 
pyrimidine  nucleotides,  and  of  the  thymus  nucleic  acid  is  remov 
with  considerable  difficulty. 

It  is  our  intention  to  improve  the  method  of  preparation  o 
mucoitin  sulfuric  acid  so  as  to  obtain  the  substance  in  a  conditio 
approaching  as  nearly  as  possible  its  original  composition. 


TABLE  I. 

Calculated  for 
CnHttNsSsOnBas. 

Found. 

Sample  I. 

Sample  II. 

c 

27.80 
3.48 
2.32 
5.30 

22.70 

32.65 
4.61 
4.53 
3.05 

21.67 

35.61 

H 

5.30 

N 

S 

3.57 
2.35 

Ba 

18.32 

Also  from  the  viewpoint  of  its  component  parts  the  substance 
shows  greater  resemblance  to  mucoitin  than  to  chondroitin  sul- 
furic acid.  Its  nitrogenous  component  was  recognized  as  glu- 
cosamine and  not  as  chondrosamine.  The  sugar  was  identified 
by  the  absence  of  a  melting  point,  by  crystal  form,  and  by  the 
specific  rotation  of  its  chlorhydride.  This  finding  is  important 
inasmuch  as  it  goes  to  prove  that  the  members  of  the  group  of  con- 

•  Levene,  P.  A.,  and  L6pez-Suarez,  J.,  J.  Biol.  Chem.,  1916,  xxv,  613. 
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nective  tissue  mucoids  are  not  all  identical,  and  that  some  of 
them  differ  at  least  by  the  sugar  present  in  their  molecule. 

A  study  of  the  details  of  the  structure  of  the  substances  of  the 
type  of  mucoitin  sulfuric  acid  is  now  in  progress. 

EXPERIMENTAL   PART. 

Two  modifications  of  the  procedure  were  employed  in  prepar- 
ation of  the  substance.  75  umbilical  cords9  (they  had  been  col- 
lected in  95  per  cent  alcohol)  were  washed  in  water  free  from  alco- 
hol and  placed  for  3  days  in  5  liters  of  a  3  per  cent  solution  of 
sodium  hydrate.  The  solution  decanted  from  undissolved  residue 
was  acidulated  with  acetic  acid,  and  neutralization  effected 
in  part  by  means  of  barium  hydrate  and  completed  by  barium 
carbonate.  The  mixture  was  filtered  and  the  filtrate  was  di- 
vided into  two  parts. 

Parti. — From  this  part  the  conjugated  sulfuric  acid  was  iso- 
lated directly  by  precipitation  by  means  of  a  solution  of  basic 
lead  acetate.  The  precipitate  was  washed  with  distilled  water 
by  decantation  (six  times),  then  filtered.  The  precipitate  was 
again  suspended  in  water  and  the  process  repeated.  The  pre- 
cipitate was  then  filtered  on  a  suction  funnel,  and  dissolved  in 
100  cc.  of  glacial  acetic  acid.  To  this  solution  an  excess  (2  liters) 
of  the  acid  was  added  so  as  to  completely  precipitate  the  conjugated 
sulfuric  acid.  The  precipitate  was  filtered  on  a  suction  funnel, 
washed  with  alcohol,  and  finally  with  ether. 

The  substance  was  then  suspended  in  water  and  freed  from 
lead  by  passing  hydrogen  sulfide,  while  the  mixture  was  agitated 
by  a  mechanical  stirrer.  Lead  sulfide  separated  in  colloidal  state 
and  in  order  to  make  possible  its  removal  a  slight  excess  of  barium 
hydrate  was  added,  and  the  mixture  was  boiled  until  coagulation 
of  the  sulfide  was  completed.  It  required  approximately  10 
minutes.  The  sulfide  was  then  removed  by  centrifugalization, 
and  the  excess  of  barium  by  means  of  carbon  dioxide  gas.  The 
carbonate  was  again  removed  by  centrifugalization.  The  clear 
solution  was  treated  with  an  equal  volume  of  98  per  cent  alcohol, 

•  The  material  was  furnished  to  us  by  Dr.  J.  H.  Losee  of  the  Lying-in 
Hospital,  and  we  take  this  occasion  to  express  our  appreciation  of  the 
courtesy. 
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which  brought  down  the  conjugated  sulfuric  acid  in  form  of  a 
white  flocculent  precipitate.  This  was  filtered,  washed  first  by 
means  of  50  per  cent  alcohol,  and  then  by  alcohol  of  progressively 
increasing  concentration.  The  substance  obtained  in  this  manner 
was  dissolved  in  a  little  water  and  the  insoluble  part  removed  by 
centrifugalization  (in  order  to  remove  nucleic  acid  if  present). 
The  resulting  clear  solution  was  precipitated  by  means  of  alcohol. 
The  final  substance  was  practically  biuret-free.  For  analysis 
it  was  dried  under  diminished  pressure  over  sulfuric  acid  at 
the  temperature  of  water  vapor. 

0.1128  gm.  substance  gave  0.1352  gm.  CO,  and  0.0468  gm.  H*0. 
0.1 22S    "  "  employed   for   Kjeldahl   nitrogen   estimation  re- 

quired for  neutralization  3.97  cc.  0.1  n  acid. 

0.1242  gm.  substance  gave  after  fusion  0.0276  gm.  BaS04. 
0.1245    "  "  "    0.0100  gm.  BaS04. 

Calculated  for 
CiiH«NtSiO»Bat:  Found: 

C 27.80  32.65 

H 3.48  4.61 

N 2.32  4.53 

S 5.30  3.05 

Ba 22.70  21.67 


• 


Part  II. — To  the  second  part  of  the  original  filtrate  a  slight 
excess  of  barium  carbonate  was  added  and  the  mixture  was 
placed  on  a  boiling  water  bath  for  5  hours.  The  concentrated 
solution  was  allowed  to  cool,  and  the  precipitate  of  carbonate 
and  coagulated  protein  removed  by  centrifugalization.  The  clear 
solution,  which  at  this  stage  had  the  consistency  of  a  syrup,  was 
treated  with  glacial  acetic  acid  as  long  as  a  precipitate  formed. 
The  precipitate  was  filtered  on  a  suction  funnel,  washed  first  with 
acetic  acid,  and  then  with  alcohol.  It  was  then  dissolved  in  water, 
and  the  solution  made  alkaline  bv  means  of  a  barium  hvdrate  solu- 
tion.  Excess  of  reagent  was  precipitated  by  means  of  carbon 
dioxide,  and  the  carbonate  was  removed  by  centrifugalization. 
The  clear  solution  was  then  treated  with  98  per  cent  alcohol  as  long 
as  a  precipitate  formed.  The  substance  was  obtained  in  form 
of  a  white  amorphous  powder.     It  was  biuret-free. 

For  analysis  the  substance  was  dried  under  diminished  pres- 
sure over  sulfuric  acid  at  the  temperature  of  water  vapor. 
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Calculated  for 
&sHaNsSsO»Ba*: 

Found: 

27.80 

35.61 

3.48 

5.30 

2.32 

3.57 

5.30 

2.35 

22.70 

18.32 

0.1004  gm.  substance  gave  0.1312  gm.  COi  and  0.0478  gm.  H20. 
0.1371    "  "      employed   for   Kjeldahl   nitrogen   estimation   re- 

quired for  neutralization  3.50  cc.  0.1  n  acid. 

0.1247  gm.  substance  gave  on  fusion  0.0214  gm.  BaS04. 
0.1315    "  "  "    0.0410  gm.  BaS04. 


C 

H 

N 

S 

Ba 

Hydrolysis  of  the  Substance. — The  material  obtained  for  this 
experiment  was  prepared  by  the  first  of  the  two  procedures 
described  above.  50  cords  were  passed  through  a  meat  chopper, 
and  then  extracted  with  1,500  cc.  of  a  3  per  cent  solution  of  sodium 
hydrate.  The  solution  was  treated  exactly  as  the  first  sample. 
The  yield  was  15.0  gm.  of  the  lead  salt. 

These  15.0  gm.  were  taken  up  in  100  cc.  of  20  per  cent  hydro- 
chloric acid  solution,  1.5  gm.  stannous  chloride  were  added,  and 
heated  with  a  reflux  condenser  for  10  hours.  The  barium  sulfate 
and  pigment  were  removed  by  filtration,  and  the  remaining  clear 
solution  was  concentrated  under  diminished  pressure  to  small 
volume.  The  residue  was  dissolved  in  100  cc.  of  distilled  water 
and  lead  and  tin  were  removed  by  means  of  hydrogen  sulfide. 
The  filtrate  from  sulfides  was  freed  from  barium  quantitatively 
and  the  clear  solution  was  concentrated  under  diminished  pres- 
9ure  to  a  syrup.  A  perfectly  white  crystalline  deposit  formed 
in  the  distilling  flask.  This  was  transferred  on  a  suction  funnel 
by  means  of  methyl  alcohol.  It  consisted  of  perfectly  uniform 
crystals,  in  appearance  unusual  for  glucosamine  hydrochloride. 
3nce  recrystallized  out  of  dilute  alcohol  it  assumed  the  crystal 
rorm  typical  of  glucosamine  hydrochloride.  Heated  in  a  sealed 
capillary  to  a  temperature  of  220°C.  it  contracted  slightly,  turned 
lark,  but  did  not  melt. 

Dried  over  sulfuric  acid  under  diminished  pressure  the  sub- 
stance gave  the  following  analytical  results. 
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0.0314  gm.  substance  in  Van  Slyke  micro  apparatus  gave  3.8  cc.  N  ai 
25°  and  765*  mm. 

0.1577  gm.  substance  required  7.3  cc.  O.In  AgNOi. 

Calculated  for 
C«HitNO»HCl :  Found : 

N 6.50  6.45 

CI 16.45  16.41 

The  substance  had  the  following  rotation: 

Initial.  Equilibrium. 

r   -,„  4.08°  X  2.1459  oj  ona        r   lfi  3.5°  X  2.1459        .    m      J 

1    Jd      0.5X0.2008X1.04  L    Jd      0.5X0.2008X104 


CREATINE  IN  HUMAN  MUSCLE. 

By  W.  DENIS. 

(From  the  Chemical  Laboratory  of  the  Massachusetts  General  Hospital, 

Boston.) 

(Received  for  publication,  July  1,  1916.) 

Although  a  fairly  large  number  of  observations  concerning 
the  creatine  content  of  the  muscles  of  the  ordinary  laboratory 
.animals  have  been  published1  there  is  still  a  great  scarcity  of 
data  concerning  the  creatine  content  of  human  muscle  both  nor- 
mal and  pathological;  indeed  the  observations  of  Chisholm1 
constitute  practically  the  only  series  of  determinations  made  on 
"this  constituent,  of  human  muscle. 

Chisholm  (who  appears  to  have  been  strongly  influenced  by 
'the  theory  of  Mellanby  regarding  the  influence  of  the  liver  on 
creatine  metabolism)  concludes  as  a  result  of  his  examinations 
«f  the  muscles  from  some  thirty-six  cases  that  the  creatine  con- 
sent is  reduced  in  cases  of  malignant  disease,  especially  in  those 
Iiaving  growths  in  the  liver;  it  is  also  reduced  in  chronic  disease 
^vhere  there  has  been  a  marked  loss  in  body  weight.  In  cases 
^>f  rapidly  fatal  acute  disease  and  in  chronic  disease  in  which 
^here  is  no  loss  of  body  weight  the  creatine  content  of  the  mus- 
cles is  unaltered. 

The  determinations  recorded  in  the  following  tables  were  made 
l>y  Folin's  method.3  In  every  case  the  right  psoas  muscle  (free 
*rom  fat  and  tendon)  was  used.  The  nitrogen  determinations 
^irere  made  on  an  aliquot  of  the  solution  of  hydrolyzed  muscle 
Xised  for  the  creatine  determination,  so  that  the  creatine  and  the 
nitrogen  figures  represent  the  same  5  gm.  sample  of  muscle. 

As  autopsies  in  this  hospital  are,  in  the  great  majority  of  cases, 
*3iade  not  less  than  6  hours  after  death,  and  frequently  at  a  much 

1  Myers,  V.  C,  and  Fine,  M.  S.,  /.  Biol.  Chem.,  1913,  xiv,  9.     Folin,  O., 
^nd  Buckman,  T.  E.,  /.  Biol.  Chem.,  1914,  xvii,  483. 

*  Chisholm,  R.  A.,  Biochem.  J.,  1912,  vi,  243. 

*  Folin,  O.,  J.  Biol.  Chem.,  1914,  xvii,  475. 
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later  period  (the  body  being  stored  in  a  refrigerator  kept  at  0- 
— 2°C),  it  was  first  necessary  to  determine  whether  this  delay 
caused  a  loss  in  total  muscle  creatine. 

As  will  be  seen  from  the  following  figures  storage  for  as  long 
as  96  hours  at  —  1°  C.  or  as  long  as  18  hours  at  =±=20°  C.  causes 
no  decrease  in  the  total  creatine  content  of  cat  muscle. 

Experiment  I. — A  cat  was  killed  by  chloroform,  the  muscles  were  quickly 
removed  from  the  hind  legs,  and  after  removal  of  fat  and  tendons,  were 
ground  in  a  meat  grinder.  A  number  of  5  gm.  portions  of  these  muscles 
were  then  weighed  out,  two  portions  being  immediately  analyzed  for 
'creatine,  and  the  remainder  allowed  to  stand  in  stoppered  flasks,  some  in 
the  laboratory  at  a  temperature  of  20-25° C.  and  some  in  the  refrigerator 
at  —  1-3°C.    The  results  obtained  are  tabulated  below. 

Cat  muscle,  animal  just  killed 0.524  per  cent  creatine. 

after    18  hrs.  at  20-25°C.  0.524 
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Experiment  II. — The  muscles  from  the  right  hind  leg  of  a  rabbit  which 
had  been  killed  by  a  blow  on  the  head  gave,  when  analyzed  half  an  hour 
after  the  death  of  the  animal,  0.486  per  cent  of  creatine.  The  muscles  of 
the  left  hind  leg  of  the  same  animal  after  storage  at  —  1-3°C.  for  28  hours 
without  removal  from  the  remainder  of  the  body  were  found  to  contain 
0.489  per  cent  of  creatine. 

In  Table  I  are  given  the  results  obtained  on  the  muscle  of  five 
individuals  who  may  be  fairly  classed  as  "normal."     It  is  un- 

TABLE  I. 

Creatine  Content  of  Muscle  from  Normal  Men. 


No. 

Cause  of  death. 

Sex. 

Age. 

Time  of 

autopsy 

after 

death. 

Crea- 
tine, 

per  100 
gm. 

N  as 

tine 

1 

Hemorrhage  due     to     gunshot 
wound 

0" 

9 

yrs. 

30 

25 
50 
40 

23 

krt. 
HI 

5 
4 
3 

14 

376 

360 
400 
421 

388 

per  eemi 
5.3 

2 
3 

Hemorrhage  from  operation  for 

extra-uterine  pregnancy 

Amputation  of  foot 

4.7 

4.6 

4 

"           "     arm 

4.5 

5 

Hemorrhage   due    to     gunshot 
wound 

4.1 

W.  Denis 
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TABLE  II. 

Muscle  Creatine  in  Chronic  Diseases. 


No. 


Cause  of  death. 


6 

7 
8 
9 

10 
11 
12 
13 

14 
15 

16 
17 
18 
19 

20 
21 
22 
23 

24 
25 

26 
27 
28 
29 

30 
31 
32 
33 
34 
35 


Diabetes  mellitus,  coma 

«  <<  << 

u  u  tt 

"  "  gangrene  of 
foot,  amputation 

Diabetes  mellitus,  coma 

Chronic  endocarditis,  nephritis. 

Chronic  nephritis 

Arteriosclerotic  nephritis, 
uremia 

Chronic  nephritis 

Pyelonephritis,  pulmonary  em- 
bolism  

Chronic  nephritis 

"  "         uremia 

Arteriosclerotic  nephritis 

Chronic  nephritis  (arteriosclero- 
tic)   

Arteriosclerotic  nephritis 

Gastric  ulcer,  arteriosclerosis. . . 

Aortic  stenosis,  regurgitation.. 

Tuberculosis  of  both  kidneys, 
morphinism 

Arteriosclerotic  nephritis 

Pyopneumothorax,  endocardi- 
tis  

Lung   abscess,  operation 

U  U  it 

Gastric  ulcer,  operative  shock. 

Pulmonary  tuberculosis,  pneu- 
mopyothorax 

Tubercular  adenitis 

Syphilitic  aortitis,  aneurism 

Pernicious  anemia 

Gastric  ulcer,  surgical  shock 

Brain  abscess 

Pulmonary  embolism,  endo- 
carditis  


Sex. 

Age. 

Time  of 

autopsy 

after 

death: 

Crea- 
tine, 

per  100 
gm. 

yr». 

kra. 

mg. 

& 

60 

21| 

392 

9 

67 

13* 

404 

cf 

51 

9J 

435 

0" 

40 

101 

333 

& 

60 

10 

404 

& 

54 

21 

400 

& 

47 

24 

400 

& 

44 

17 

400 

9 

65 

6 

400 

0" 

72 

8 

482 

& 

20 

6 

372 

& 

40 

15 

372 

& 

62 

6 

476 

c? 

67 

19 

400 

& 

78 

6 

380 

d" 

75 

18} 

348 

9 

60 

20} 

305 

& 

36 

22| 

328 

cf 

45 

15 

348 

9 

40 

15 

258 

9 

22 

15} 

363 

9 

35 

9} 

262 

9 

53 

13} 

333 

c? 

22 

6 

371 

c? 

20 

11* 

371 

9 

38 

6} 

312 

& 

69 

13} 

333 

c? 

64 

18} 

363 

9 

54 

17} 

310 

9 

34 

9} 

300 

N  as 

crea- 
tine. 


per  cent 

4.6 
4.1 
4.5 

4.8 
4.4 
4.4 

4.4 

4.9 
4.5 

4.3 

3.8 
3.2 
4.6 

4.4 
3.9 
3.4 
3.4 

3.6 
3.7 

3.2 
3.6 
4.3 
4.3 

3.8 
3.8 
3.3 
3.6 
4.6 
4.9 

3.5 
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table  ii — Continued. 


No. 


Cause  of  death. 


36 
37 

38 

39 
40 

41 

42 

43 
44 
45 

46 

47 

48 
49 

50    • 

51 

52 

53 

54 
55 


56 


Graves1  disease,  cardiac  failure. 

Graves'  disease,  died  during 
hemithyroidectomy 

Gastric  carcinoma,  surgical 
shock 

Adenocarcinoma  of  stomach 

Carcinoma  of  stomach,  surgical 
shock 

Carcinoma  of  lip,  pulmonary 
embolism 

Carcinoma  of  jaw,  arterio- 
sclerosis   " 

Carcinoma  of  liver 

"  "      "     and  lung.... 

Adenocarcinoma  of  pancreas, 
surgical  shock 

Intestinal  carcinoma,  thrombo- 
sis of  portal  vein 

Carcinoma  of  stomach,  pulmon- 
ary embolism 

Carcinoma  of  colon,  septicemia 
following  operation 

Carcinoma  of  tongue,  broncho- 
pneumonia following  opera 
tion 

Hypernephroma  of  adrenal  with 
multiple  metastases 

Adenoma  of  kidney,  nephrec- 
tomy, septicemia 

Carcinoma  of  tongue,  terminal 
pneumonia 

Carcinoma  of  esophagus,  ter- 
minal pneumonia 

Carcinoma  of  cecum,  operation. 
"  "  bladder,  operation, 
terminal  pneumonia 

Papilloma  of  larynx,  recurrent 
pulmonary  tuberculosis 


Sex. 

Age. 

Time  of 

autopsy 

after 

death. 

Crea- 
tine, 
per  100 

cm. 

Nai 

tine. 

frt. 

kra. 

mg. 

per  cent 

9 

35 

20 

190 

2.1 

d" 

46 

19J 

262 

3.4 

& 

46 

6 

351 

4.0 

& 

65 

7} 

300 

38 

& 

25 

9f 

360 

3.2 

& 

53 

8 

327 

3.2 

& 

56 

21 

333 

3.3 

o" 

43 

21 

385 

4.5 

o" 

56 

10i 

450 

4.1 

9 

48 

17 

308 

3.7 

9 

52 

12 

230 

3.0 

o" 

54 

18 

281 

3.1 

9 

55 

15} 

247 

3.1 

& 

64 

47 

333 

3.6 

& 

54 

22 

331 

3.7 

cf 

48 

4J 

381 

3.5 

& 

48 

20 

339 

3.8 

& 

63 

6 

323 

3.5 

& 

51 

10 

331 

3.6 

& 

58 

141 

320 

4.0 

& 

22 

9 

286 

3.0 

W.  Denis 
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TABLE  HI. 
Muscle  Creatine  in  Acute  Diseases. 


No. 


57 
58 
59 
60 
61 
62 
63 

64 
65 
66 
67 
68 
69 
70 
71 

72 

73 
74 
75 

76 

77 


Cause  of  death. 


Double  lobar  pneumonia 

Septicemia 

Peritonitis  (general) 

Lobar  pneumonia 

u  a 

U  it 

"             "           purulent  bron- 
chitis  

Bronchopneumonia 

Lobar  pneumonia 

Bronchopneumonia 

Lobar  pneumonia 

Bronchopneumonia 

Pneumonia 

Pelvic  abscess,  general  peri- 
tonitis  

Embolism  following  drainage  of 
gall  bladder 

Acute  hemorrhagic  pancreatitis 

Gastric  ulcer,  hemorrhage 

Septicemia  following  prostatec 
tomy 

Acute  endocarditis 

General  septicemia  from  car- 
buncle of  neck 


Time  of 

Crea- 

Nas 
crea- 
tine. 

Sex. 

Age. 

autopsy 

after 

death. 

tine, 

per  100 

mg. 

yr«. 

hrt. 

mg. 

per  cent 

& 

24 

8 

400 

4.0 

& 

33 

8 

400 

4.0 

& 

40 

17i 

360 

3.7 

d" 

53 

17* 

333 

4.0 

& 

66 

Hi 

381 

cf 

26 

i 

348 

4.8 

9 

44 

18 

424 

4.5 

9 

21 

13 

370 

4.7 

c? 

68 

6i 

370 

3.4 

& 

67 

19 

370 

3.4 

& 

40 

25} 

365 

4.0 

& 

51 

28 

388 

4.2 

& 

62 

9i 

444 

4.0 

& 

61 

23f 

354 

4.6 

& 

45 

7 

282 

3.3 

& 

71 

61 

363 

4.0 

9 

56 

60 

303 

3.4 

d" 

58 

25 

400 

5.0 

0" 

56 

18 

281 

3.1 

9 

32 

11 

320 

4.0 

0" 

22 

18 

333 

3.7 

fortunate  that  the  number  of  these  cases  is  not  greater  but  ma- 
terial of  this  class  has  been  difficult  to  secure  in  quantity.  From 
the  results  presented  it  would  seem  that  the  normal  creatine 
content  of  human  muscle  varies  between  360  and  400  mg.  per 
100  gm.  of  muscle,  and  that  the  creatine  constitutes  from  5.3 
to  4.1  per  cent  of  the  total  nitrogen.  These  figures  are  consider- 
ably higher  than  those  presented  by  Chisholm  for  normal  human 
muscle  (300  mg.  per  100  gm.  muscle),  a  fact  probably  due  to 
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TABLE  IV. 

Creatine  in  Muscles  of  Children. 


No. 


78 

79 
80 

81 
82 
83 

84 

85 

86 
87 
88 
89 
90 

91 
92 

93 
94 


Cause  of  death. 


Tubercular  meningitis,  malnutri- 
tion  

Hemophilia  (hemorrhage) 

Status  lymphaticus,  died  during 
operation  for  cleft  palate 

Congenital  syphilis 

Acute  meningitis 

Pyelonephritis,    general    septi- 
cemia  

General     miliary    tuberculosis, 
tubercular  meningitis 

General    miliary    tuberculosis, 
tubercular  meningitis 

Acute  meningitis 


« 


u 


Tubercular  meningitis 

Congenital  syphilis,  pneumonia. 

General  miliary  tuberculosis, 
pneumonia 

Acute  endocarditis,  septicemia. 

Septicemia  following  appendec- 
tomy  

Diabetic  coma 

Bronchopneumonia,  malnutri- 
tion  


Sex. 


cT 
cT 

9 
& 
9 


o* 

& 
9 
d" 

d" 
d" 

9 
9 


Age. 


yra. 

1 
3 

If 
i 

i 


I 

l 

2 
3 

H 

II 
10 

13 
12 


Time  of 

autopsy 

after 

death. 


At*. 

6i 
17J 

9i 
26* 
12 

22 

15| 

24 

8 

18 

6i 
10 

12 
12* 

15i 
6 

8i 


Crea- 
tine, 

per  100 
gm. 


mg. 

348 
292 

331 
200 
263 

124 

208 

348 
308 
286 
312 
222 

235 
323 

350 
363 

284 


X  as 

crea- 
tine. 


per  cent 

3.8 
3.7 

2.0 

2.9 

5.5 

3.0 

2.3 

4.1 
3.6 
3.6 
3.3 
3.3 

2.9 
3.2 

5.2 
3.5 

3.2 


the  method  of  analysis  employed  by  this  investigator  who  used 
the  technique  recommended  by  Mellanby. 

In  Table  II  are  given  the  results  obtained  on  muscle  from  in- 
dividuals who  had  suffered  from  chronic  diseases,  in  most  cases 
of  long  duration. 

From  the  results  presented  in  Table  II  it  is  evident  that  in 
many  cases  of  chronic  disease  the  muscle  creatine  differs  in  no 
way  from  that  of  normal  individuals.  In  some  cases,  however, 
there  is  a  marked  decrease.  On  looking  up  the  autopsy  records 
and  clinical  histories  of  this  latter  class  of  cases  it  was  found 
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that  these  individuals  had  almost  without  exception  been  ill 
for  many  months,  and  were  in  an  extremely  emaciated  condition; 
Cases  21, 22, 23, 28, 31, 36, 37, 46, 47,  and  56  (all  showing  marked- 
ly low  creatine  figures)  were  all  especially  noteworthy  in  this 
respect. 

In  Table  III  are  given  results  obtained  on  the  muscles  of  per- 
sons dying  from  acute  diseases.  Here  again  as  in  the  case  of 
the  results  presented  in  Table  I  we  have  in  some  cases  practi- 
cally normal  figures  whereas  in  others  there  is  a  marked  reduction 
of  the  muscle  creatine. 

It  has  long  been  known  that  the  creatine  content  of  the  mus- 
cles of  children  is  lower  than  that  of  adults.  It  has  therefore 
seemed  best  to  collect  all  the  results  obtained  on  children's  mus- 
cle in  a  separate  table,  IV.  These  figures  warrant  little  com- 
ment on  account  of  my  inability  to  secure  normal  material  as 
a  control;  Case  80  is  the  only  one  of  this  series  which  may  be  con- 
sidered as  normal. 

SUMMARY. 

Judging  from  the  results  presented  above  it  would  appear  that 
the  creatine  content  of  the  human  psoas  muscle  of  normal  adults 
lies  between  360  and  421  mg.  per  100  gm.  of  muscle.  In  a  series 
of  determinations  made  on  the  psoas  muscle  of  persons  dying  of 
various  chronic  diseases  it  was  noted  that  in  some  cases  the  crea- 
tine content  was  reduced  both  absolutely  and  relatively.  In  most 
of  these  cases  the  patient  had  been  in  a  cachectic  condition  for 
some  weeks  or  months  before  death,  and  was  greatly  emaciated. 
In  others  the  creatine  values  were  not  reduced.  In  the  case 
of  persons  dying  of  acute  diseases  it  was  found  that  in  many  cases 
the  muscle  gave  normal  creatine  figures;  in  others,  more  particu- 
larly those  dying  of  septicemias,  there  was  a  marked  reduction. 

The  fact  that  the  muscle  of  children  contains  much  less  creatine 
than  that  of  adults  was  confirmed. 

These  results  would  seem  to  lend  confirmatory  evidence  to 
the  theory  concerning  the  interrelationship  of  "muscle  creatine" 
and  urinary  creatinine  in  man  (Shaffer,  Myers  and  Fine) .  Shaf- 
fer has  called  attention  to  the  fact  that  persons  who  have  been 
ill  for  many  months  and  are  in  a  feeble  and  wasted  condition 
have  very  low  creatinine  coefficients.     As  these  patients  become 


386  Creatine  in  Human  Muscle 

convalescent  and  their  "muscle  tonus"  increases  the  creatinine 
coefficient  rises.  No  urinary  examinations  were  made  during 
the  course  of  the  present  investigation  but  it  is  safe  to  assume 
that  all  of  the  feeble  and  emaciated  patients  whose  muscle  was 
found  to  possess  such  a  low  content  in  creatine  had  also  an  ex- 
tremely low  creatinine  coefficient. 


CONCERNING    CERTAIN    AROMATIC    CONSTITUENTS 

OF  URINE. 

I.  THE  NON-PHENOLIC  VOLATILE  OILS  OF  COW  URINE. 

By  R.  J.  ANDERSON. 

{From  the  Chemical  Laboratory  of  the  New  York  Agricultural  Experiment 

Station ,  Geneva.) 

(Received  for  publication,  July  24,  1916.) 
INTRODUCTION. 

It  has  been  known  for  a  long  time  that  the  distillates  from  acidi- 
fied urine  contain  in  addition  to  volatile  acids,  phenols,  cresols, 
etc.,  certain  non-phenolic  or  neutral  volatile  oils.  The  object  of 
the  present  investigation  was  to  isolate  and  identify  these  sub- 
stances or  at  least  to  determine  the  properties  and  composition 
more  closely  than  has  been  done  heretofore  of  these  terpene- 
like  volatile  oils  obtainable  from  the  urine  of  various  animals. 
This  paper  deals  with  the  substances  isolated  from  the  neutral 
oil,  the  so  called  "Stadelers  Oel"  and  the  products  described  by 
some  authors  as  "Urogon"  and  "Urogol"  obtained  from  cow  urine. 

This  neutral  oil  was  first  observed  and  described  by  Stadeler1  as  early 
as  1851  in  his  investigations  regarding  the  volatile  constituents  of  cow 
urine.  He  reports  that  the  yellow  oily  liquid,  finally  obtained  after  dis- 
tilling concentrated  urine  acidified  with  hydrochloric  acid,  was  treated 
with  strong  potassium  hydroxide  which  left  a  slight  oily  residue.  This 
alkali-insoluble  oil  was  removed  by  distilling  the  strongly  alkaline  liquid 
with  steam. 

The  oil  is  described  as  having  an  agreeable  odor  resembling  that  of 
rosemary  or  origanum.  It  contained  large  quantities  of  nitrogen  and  it 
was  soluble  with  a  red  color  in  concentrated  sulfuric  acid.  The  aqueous 
solution  or  suspension  gave  no  color  reaction  with  ferric  chloride  and  it 
was  not  precipitated  by  basic  lead  acetate.  The  same  author  states  that 
he  had  observed  the  occurrence  of  similar  alkali-insoluble  oils  in  the  dis- 
tillates from  horse  urine  and  human  urine  but  in  the  latter  it  was  present 
in  very  minute  quantities. 

1  Stadeler,  G.,  Ann.  Chem.,  1851,  lxxvii,  17. 
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Various  later  investigators  like  Hoppe-Seyler,8  Baumann,'  and  Brieger* 
have  reported  the  occurrence  of  similar  alkali-insoluble  oils  in  the  distil- 
lates  from  the  urine  of  various  animals.  Of  course  we  concern  ourselves 
here  only  with  the  occurrence  of  these  volatile  oils  in  normal  urine.  The 
literature  dealing  with  the  metabolism  and  excretion  of  aromatic  and 
terpene-like  substances  is  so  voluminous  that  it  merely  can  be  indicated 
in  this  place.6 

Although  several  investigators,  as  mentioned  above,  had  observed 
neutral  alkali-insoluble  oils  in  normal  urines  these  substances  had  never 
been  examined  carefully  or  analyzed  by  anyone,  so  far  as  we  are  aware, 
until  a  few  years  ago  when  Mooser,6  to  whose  work  reference  must  be  made, 
reported  a  study  of  the  aromatic  substances  of  the  urine.  This  author- 
investigated  particularly  the  neutral  oil,  the  so  called  "Stadelere  Oel." 
This  oil  was  obtained  from  cow  urine  as  follows:  The  concentrated  urine 
was  acidified  with  sulfuric  acid  and  distilled  until  the  distillate  did  not — 
react  with  Millon's  reagent.  The  distillates  were  united,  mixed  with 
calcium  carbonate,  and  again  subjected  to  distillation  in  an  atmosphere 
of  carbon  dioxide.  This  second  distillate  was  made  slightly  alkaline  wit 
potassium  hydroxide  and  extracted  with  petroleum  ether.  The  neutral 
oil  isolated  from  this  solution  was  washed  several  times  with  water  an 
for  further  purification  was  treated  in  20  gm.  portions  with  20  cc.  of  1 
per  cent  potassium  hydroxide,  again  taken  up  in  petroleum  ether,  and  fin- 
ally distilled  in  vacuum.  The  resulting  distillate  was  a  slightly  yellow, 
strongly  refractive  oil  of  unpleasant  odor  which  crystallized  in  needle 
when  chilled  in  solid  carbon  dioxide.  It  was  free  from  nitrogen  and  in 
composition  it  agreed  with  the  formula  C7H80. 

This  oil,  which  the  above  author  named  "Urogon,"  is  isomeric  with 
cresol  as  it  has  the  composition  C7HgO,  but  for  some  reason  it  is  believed 
to  be  different  from  cresol  and  is  supposed  to  contain  the  -CO-  group 
although  it  did  not  give  any  of  the  reactions  characteristic  of  the  car- 
bonyl  group.  In  composition  and  properties  it  agrees  closely  with  cresol 
but  in  spite  of  these  facts  it  is  considered  to  be  a  new  and  definite  individ- 
ual substance.  In  the  hands  of  the  above  author  this  "Urogon,"  on 
treatment  with  potassium  hydroxide,  yielded  two  new  compounds  called 
"Urogol"  and  "Urogen." 

When  the  crude  oil  "  Urogon* '  was  treated  with  sufficiently  concentrated 
potassium  hydroxide  practically  all  of  it  went  into  solution  with  the  ex- 
ception of  a  small  quantity  of  oil  which  had  a  pleasant  terpene-  or  cymol- 

*  Hoppe-Seyler,  E.  Handb.  Phys.  u.  Path.  Chem.  Analyse,  Berlin,  4th 
edition,  1875,  109. 

*  Baumann,  E.,  Arch.  ges.  Physiol.,  1876,  xiii,  285. 
4  Brieger,  L.,  Z.  physiol.  Chem.,  1880,  iv,  204. 

*  Compare  Ncuberg,  C,  Der  Ham,  Berlin,  1911;  and  Hammarsten, 
O.,  Lehrb.  phys.  Chem.,  Weisbaden,  8th  edition,  1914,  for  references  to 
the  literature  on  the  subject. 

*  Mooser,  \\\,  Z.  physiol.  Chem.,  1909,  lxiii,  155. 
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like  odor.  From  the  alkaline  solution  a  phenol  was  isolated  which  had  the 
composition  C7H80  and  which  is  called  "Urogol."  Although  this  sub- 
stance had  all  the  properties  of  and  the  same  composition  as  ere  sol,  it  is 
nevertheless  believed  to  be  different  and  isomeric  with  cresol.  By  the 
action  of  potassium  hydroxide  on  "Urogon"  there  was  also  formed  a  hydro- 
carbon C21H42  called  "Urogen." 

This  author  apparently  permitted  the  small  quantity  of  oil  of  pleasant 
terpene-like  odor  which  remained  on  treating  "Urogon"  with  potassium 
hydroxide  to  escape  his  attention  and  examination.  This  is  the  more 
strange  since  this  particular  alkali-insoluble  portion  of  the  distillate  is 
the  oil  referred  to  by  Stadeler. 

The  work  of  Mooser  has  been  extended  and  augmented  by  Frickc7  who 
claims  to  have  found  the  substance  "Urogon"  in  the  urine  of  most  domestic 
animals  as  well  as  in  human  urine.  It  must  be  noted,  however,  that  he 
felt  satisfied  in  identifying  "Urogon"  by  the  smell  and  a  few  chemical 
xeactions  such  as  the  red  color  developed  with  concentrated  sulfuric 
acid  and  with  Millon's  reagent  and  that  the  substance  reacted  neutral 
"to  litmus  and  did  not  reduce  Fehling's  solution.  In  no  case  does  he  re- 
port the  purification  and  analysis  of  any  substance. 

Neuberg8  mentions  briefly  that  he  did  not  succeed  in  preparing  the 
substance  "Urogon"  in  pure  form  and  Neuberg  and  Czapski9  throw  doubt 
tipon  the  existence  of  any  such  substance.  These  authors  do  not  report 
»ny  investigation  of  urine  for  "Urogon"  but  base  their  doubt  of  its  exist- 
ence upon  the  fact  that  both  phenol  and  cresol  may  be  extracted  from  an 
alkaline  aqueous  solution  with  petroleum  ether.  For  this  reason  they 
iiold  that  the  oil  called  "Urogon"  by  Mooser  and  Frickc  as  well  as  the 
*'Urogol"  of  Mooser  must  have  consisted  chiefly  of  cresol. 

As  a  result  of  our  work  we  have  found  that  the  neutral  oil  called 
* 'Urogon"  by  Mooser  is  a  mixture  consisting  principally  of  p- 
c;resol,  but  containing  a  small  percentage  of  a  non-phenolic  vola- 
tile oil  having  the  composition  Ci0Hi6O  and  consequently  isomeric 
"Xvith  camphor.  The  various  details  of  the  isolation  and  purifica- 
tion will  be  fully  described  in  the  experimental  part. 

The  phenol  called  "Urogol"  by  Mooser  obtained  from  the 
<l Urogon' '  by  treatment  with  concentrated  alkali  possesses  all 
"the  properties  of  p-cresol  and  yields  derivatives  identical  with 
"those  of  p-cresol;  hence  we  do  not  believe  that  there  is  any  room 
for  doubt  regarding  the  identity  of  these  substances. 

The  reason  why  cresol  occurs  in  the  residual  neutral  oil  is  due 
to  the  fact,  as  pointed  out  by  Neuberg  and  Czapski,9  that  cresol 

7  Fricke,  E.,  Arch.  ges.  Physiol.,  1914,  clvi,  225. 

8  Neuberg,  DerHarn,  Berlin.  1911,  i,  518. 

•  Neuberg,  C,  and  Czapski,  L.,  Biochcm.  Z.,  1914,  lxvii,  28. 
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is  only  slightly  soluble  in  dilute  alkali.  As  will  be  shown  in  the 
experimental  part,  we  have  found  it  impossible  to  completely 
extract  all  of  the  cresol  even  by  20  per  cent  sodium  hydroxide 
from  an  ethereal  solution  of  the  mixed  oils  obtained  on  distilling 
urine. 

The  non-phenolic  oil,  doHi60,  mentioned  above,  is  light  yellow 
in  color  and  possesses  an  agreeable  terpene-  or  essential  oil-like 
odor.  When  acted  upon  by  semicarbazide  hydrochloride  in 
glacial  acetic  acid  solution  it  yields  a  crystalline  semicarbazone 
melting  at  165°.  The  substance,  consequently,  contains  the 
carbonyl  group  and  is  either  an  aldehyde  or  a  ketone.  This  was 
rather  unexpected  since  similar  compounds  containing  only  the 
carbonyl  group,  when  introduced  into  the  animal  organism, 
become  hydroxylated  and  are  then  eliminated  as  conjugated 
glucuronic  acids.10  One  would  expect,  therefore,  that  a  sub- 
stance such  as  the  one  under  consideration,  which  must  have 
been  excreted  in  conjugated  form,  would  have  contained  the 
hydroxyl  group. 

In  this  connection  the  experiments  described  by  Fromm,  Hildebrandt, 
and  Clemens,11  "Uber  das  Verhalten  des  Camphens  im  Thierkorper,"  are 
interesting.  These  authors  after  feeding  camphene  to  rabbits  isolated  a 
conjugated  glucuronic  acid  from  the  urine  which  on  distilling  with  sulfuric 
acid  gave  a  volatile  oil  of  the  composition  CioHieO.  After  purifying  over 
the  bisulfite  compound  this  substance  crystallized  and  was  found  to  be 
identical  with  camphenilan  aldehyde.  They  believed,  therefore,  that 
camphene  must  be  oxidized  in  the  body  to  a  dihydroxyl  compound  which 
is  eliminated  as  a  conjugated  glucuronic  acid.  On  cleavage  the  dihydroxyl 
compound  easily  splits  off  water  giving  the  aldehyde. 

It  is  probable  that  the  oil  doHieO  which  we  have  isolated  from 
cow  urine  had  been  eliminated  in  the  same  way  and  that  the  hy- 
droxyl groups  had  been  split  off  during  the  distillation  with  the 
sulfuric  acid.  The  above  oil  is  present  in  urine  in  very  small 
quantity;  the  amount  at  our  disposal  did  not  permit  of  a  com- 
plete investigation,  and  we  have  not  been  able  to  identify  the 
substance. 

10  Compare  the  works  of  Schmiedeberg,  O.,  and  Meyer,  H.,  Z.  physiol. 
Chem.,  1879,  iii,  422;  Sundvik,  E.,  Akad.  AfhaJidling,  Helsingfors,  1886; 
Fromm,  E.,  and  Hildebrandt,  H.,  Z.  Physiol.  Chem.,  1901,  xxxiii,  579. 

11  Fromm,  E.,  Hildebrandt,  H.,  and  Clemens,  P.,  Z.  physiol.  Chtm., 
1902-03,  xxxvii,  189. 
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It  would  seem,  however,  that  the  above  oil  is  not  a  constant 
metabolic  product,  since  the  oil  isolated  from  the  urine  during 
the  winter,  although  it  had  the  same  composition,  did  not  give 
a  crystalline  semicarbazone.  Evidently,  therefore,  the  nature 
of  the  non-phenolic  oils  excreted  in  the  urine  depends  upon 
the  nature  of  the  terpene-like  substances  contained  in  the  feed. 

EXPERIMENTAL. 

Mixed  urine  from  a  herd  of  cows  was  collected  during  the 
summer  while  the  animals  were  part  of  the  time  in  pasture.  The 
fresh  urine  was  concentrated  to  about  one-eighth  of  its  volume 
and  then  strongly  acidified  with  sulfuric  acid  and  distilled  with 
steam  until  no  more  oil  went  over.  The  distillate  was  made 
strongly  alkaline  with  sodium  hydroxide  and  extracted  with  sev- 
eral portions  of  ether.  The  ethereal  solution  was  further  shaken 
for  some  time  with  dilute  sodium  hydroxide  and  after  that  with 
dilute  sulfuric  acid  and  finally  washed  with  water.  After  drying 
with  sodium  sulfate  the  ether  was  evaporated  and  the  residue  dis- 
tilled in  vacuum.  From  127  liters  of  urine  38.75  gm.  of  oil  were 
obtained. 

The  light  yellow  oil  was  of  neutral  reaction  on  litmus  paper 
and  it  possessed  an  extremely  unpleasant  penetrating  odor  which 
resembled  the  peculiar  smell  of  a  cow  stable.  It  contained  neither 
nitrogen  nor  sulfur.  With  concentrated  nitric  acid  it  reacted  with 
great  violence.  When  shaken  with  concentrated  sodium  or 
potassium  hydroxide  the  disgusting  odor  disappeared  and  an 
agreeable  terpene-like  odor  resulted.  Bromine  was  readily 
absorbed  with  liberation  of  hydrobromic  acid.  It  was  soluble 
in  all  proportions  in  all  the  organic  solvents  and  in  concentrated 
sulfuric  acid  it  dissolved  with  a  red  color.  It  was  insoluble  in 
concentrated  hydrochloric  acid  or  in  ammonia.  It  did  not  re- 
duce Fehling's  solution  but  an  ammoniacal  solution  of  silver 
nitrate  was  reduced  on  heating. 

On  analysis  the  following  result  was  obtained. 

0.1988  gm.  of  substance  gave  0.1365  gm.  H*0  and  0.5630  gm.  C02. 
Found:  C  =  77.24;  H  =  7.68  per  cent. 

Molecular  weight  determinations  were  made  by  the  freezing 
point  method  using  benzene  as  solvent  and  the  following  figures 
obtained. 
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1.  2. 

Weight  of  substance,  gm 0.2042  0  2364 

"       "  benzene,gm 16.3229  15.1615 

Depression 0.524°  0.661° 

Mol.  wt 117  115 

• 

The  properties,  reactions,  composition  and  molecular  weight 
correspond  with  those  described  by  Mooser6  for  the  neutral  oil 
from  cow  urine  to  which  he  gave  the  name  "Urogon." 

This  oil,  however,  was  not  a  homogeneous  substance  but  could 
be  separated  into  two  fractions.  After  fractionating  in  high 
vacuum  three  times  the  first  portion  of  the  final  distillate  which 
embraced  about  75  per  cent  of  the  total  oil  went  over  between 
68-69°  at  0.5  mm.  pressure. 

The  residues  from  these  distillations  were  reserved  for  further 
examination. 

The  product  obtained,  as  above,  was  a  practically  colorless 
oil  slightly  heavier  than  water,  and  it  had  a  distinctly  phenolic 
but  not  unpleasant  odor.  Its  aqueous  solution  gave  a  fine  blue 
coloration  with  ferric  chloride.  With  concentrated  nitric  acid 
it  reacted  with  great  violence  and  it  dissolved  in  concentrated 
sulfuric  acid  with  a  red  color.  It  was  completely  soluble  in 
concentrated  sodium  or  potassium  hydroxide.  When  cooled 
in  a  freezing  mixture  of  ice  and  salt  it  crystallized  to  a  white 
solid  mass.     It  gave  the  following  result  on  analysis. 

0.1852  gm.  of  substance  gave  0.1263  gm.  H20  and  0.5244  gm.  C02. 
Found:  C  =  77.22;  H  =  7.63  per  cent. 

The  substance  crystallized,  as  already  mentioned,  when  it  was 
cooled  in  a  freezing  mixture.  When  some  of  these  crystals  were 
introduced  into  the  oil  previously  cooled  to  13°  practically  the 
whole  substance  changed  slowly  into  massive  prisms.  For  the 
removal  of  traces  of  adhering  oil  the  crystals  were  pressed  be- 
tween filter  paper.  There  remained  a  snow-white  mass  of  crystals 
which  melted  at  21°,  and  it  boiled  at  atmospheric  pressure  at 
198.5°  (uncorrected).     This  crystalline  substance  was  analyzed. 

0.1457  gin.  of  substance  gave  0.0967  gm.  H20  and  0.4140  gm.  C02. 

Found:  C  =  77.49;  H  =  7.42  per  cent. 

For  cresol,     C7H%0  =  108.    Calculated:  C  =  77.77;  H  =  7.40  per  cent. 
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It  will  be  noticed  from  the  above  analyses  that  both  the  oil 
and  the  crystalline  substance  have  the  same  composition.  The 
substance  is  identical  with  the  "Urogol"  of  Mooser  but  it  is  evident 
from  the  above  analyses  that  it  is  also  either  identical  or  isomeric 
with  cresol.  Despite  the  low  melting  point  we  believe  that  it  is 
nearly  pure  p-cresol  for  the  reasons  to  be  shown  below. 

Its  solubility  in  concentrated  alkali  and  its  blue  coloration  with 
ferric  chloride  indicated  its  phenolic  nature  and  it  gave  no  reac- 
tions characteristic  of  aldehyde  or  ketone  groups;  i.e.,  it  gave 
no  crystalline  derivatives  with  phenylhydrazine,  sodium  bisulfite, 
hydroxylamine,  or  semicarbazide  hydrochlorides. 

It  gave,  however,  two  bromine  substitution  products  corres- 
ponding to  mono-  and  dibrom  cresol.  The  dibrom  compound 
had  the  same  melting  point  as  given  for  dibrom  p-cresol. 

Bromination  of  the  Substance. 

Preparation  of  the  Monobrom  Derivative. — The  oil,  2.7  gm. 
(one  molecule),  was  dissolved  in  50  cc.  of  chloroform  and  to  it 
were  added  4  gm.  (one  molecule)  of  bromine  dissolved  in  25  cc. 
of  chloroform.  The  bromine  color  disappeared  immediately  and 
much  hydrobromic  acid  was  given  off.  The  chloroform  solution 
was  washed  several  times  with  water  to  remove  the  hydrobromic 
acid  and  then  dried  with  sodium  sulfate  and  the  chloroform  dis- 
tilled off.  An  oily  residue  remained  of  intensely  penetrating  odor. 
It  did  not  solidify  in  a  freezing  mixture.  In  vacuum  at  3  mm. 
pressure  it  boiled  at  80-81°.  It  was  obtained  as  a  colorless, 
highly  refractive,  heavy  oil  which  rapidly  darkened  when  exposed 
to  the  light.  The  yield  was  3.4  gm.  which  corresponds  to  74  per 
cent  of  monobrom  derivative.  The  substance  was  analyzed  at 
once. 

1.  0.1586gm.  of  substance  gave  0.0530  gm.  H20  and  0.2609  gm.  C02. 

2.  0.1615"    "         "  "     0.0591"  "      "    0.2688    " 
0.1825"    "         "               "     0.1817  "      AgBr. 

Found:  1.  C  =  44.86;  H  =  3.73;  Br  =  42.37  per  cent. 
2.  C  =  45.39;  H  =  4.09  per  cent. 
For  monobrom  cresol,  C7H7BrO  =  186.9. 
Calculated:  C  =  44.94;  H  =  3.74;  Br  =  42.75  per  cent. 

Preparation  of  the  Dibrom  Derivative. — This  was  easily  formed 
by  the  action  of  4  gm.  (two  molecules)  of  bromine  upon  1.35 
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gin.  (one  molecule)  of  the  oil  in  chloroform  solution.  The  bromine 
color  disappeared  immediately  until  about  one-half  of  the  bro- 
mine had  been  added,  .but  after  that  more  slowly.  After  stand- 
ing for  3  hours  at  room  temperature  the  bromine  color  had  dis- 
appeared. The  hydrobromic  acid  was  then  washed  out  with 
water  and  the  chloroform  solution  dried  with  sodium  sulfate. 
After  evaporating  the  chloroform  in  vacuum  there  remained 
a  light  yellow  colored  oil  which  immediately  crystallized  when 
placed  in  a  freezing  mixture. 

The  crystals  were  extremely  soluble  in  all  of  the  ordinary 
organic  solvents  but  insoluble  in  water  and  it  was  found  impossible 
to  recrystallize  the  substance  from  any  of  the  above  solvents. 
On  the  spontaneous  evaporation  of  the  solvents,  however,  the 
substance  separated  in  crystalline  form,  some  of  the  crystals 
being  delicate  colorless  needles  or  prisms  over  an  inch  long. 

The  substance  was  finally  recrystallized  as  follows:  It  was  dis- 
solved in  chloroform  and  placed  in  an  open  crystallizing  dish 
and  the  chloroform  evaporated  in  a  vacuum  desiccator.  The 
crystalline  substance  which  remained  was  separated  mechanically 
from  the  dark  colored  portion  and  recrystallized  in  the  same 
manner.  From  this  second  recrystallization  there  were  obtained 
1.7  gm.  of  practically  colorless  crystals.  When  slowly  heated 
the  substance  melted  between  48-49°  (uncorrected).  Accord- 
ing to  Beilstein  the  crystalline  dibrom  p-cresol  melts  at  48-49°. 

A  larger  quantity  of  the  substance  was  prepared  and  recrys- 
tallized from  ligroin.  This  also  melted  between  48-49°.  The 
following  result  was  obtained  on  analysis. 

0.2070  gm.  of  substance  gave  0.0433  gm.  HaO  and  0.2382  gm.  CO*. 

0.1702     "    "  "  "     0.2425     "    AgBr. 

Found:  C  =  31.38;  H  =  2.34;  Br  =  60.63  per  cent. 

For  dibrom  cresol,  C7HeBraO  =  265.8. 

Calculated:  C  =  31.60;  H  =  2.25;  Br  =  60.12  per  cent. 

Judging  by  melting  point  and  composition  the  above  crystal- 
line substance  is  pure  dibrom  p-cresol. 

In  order  to  determine  whether  the  substance  would  take  up 
more  than  two  atoms  of  bromine  the  following  experiment  was 
carried  out:  To  1.35  gm.  (one  molecule)  of  the  oil  in  50  cc.  of 
chloroform  were  added  6  gm.  (three  molecules)  of  bromine  in 
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25  cc.  of  chloroform.  This  was  allowed  to  stand  for  3  hours  at 
room  temperature.  The  color  at  the  end  of  this  time  was  deep 
brown,  showing  the  presence  of  bromine.  The  chloroform  was 
washed  with  water  to  take  up  the  hydrobromic  acid  and  the 
excess  of  bromine  was  removed  by  shaking  with  a  solution  of 
sodium  bisulfite.  The  chloroform  solution  was  again  washed 
with  water  and  finally  dried  with  sodium  sulfate.  After  evapora- 
ting the  chloroform  the  oily  residue  crystallized  on  cooling  in 
ice  water.  After  dissolving  in  chloroform  and  transferring  to 
a  tared  crystallizing  dish  the  chloroform  was  evaporated  at  room 
temperature  in  a  vacuum  desiccator.  After  drying  in  vacuum 
over  sulfuric  acid  the  crystals  weighed  3.4  gm.  which  is  equal  to 
about  100  per  cent  yield  of  the  dibrom  p-cresol.  This  behavior 
of  taking  up  only  two  atoms  of  bromine  under  ordinary  conditions 

is  characteristic  of  a-  and  p-cresol  while  the  w-cresol  under  like 

»  * 

conditions  takes  up  three  atoms  of  bromine.12 

It  would  seem  from  the  properties  and  composition  of  the 
above  oil  and  particularly  those  of  the  bromine  derivatives  just 
described  that  the  substance  in  question  is  cresol  and  apparently 
nearly  pure  p-cresol.  The  substance  is  also  by  its  method  of 
preparation  and  its  properties  identical  with  the  product  named 
"Urogol"  by  Mooser.  Evidently,  therefore,  this  designation 
is  superfluous  since  the  substance  possesses  all  the  properties  and 
reactions  of  p-cresol. 

Examination  of  the  Oily  Residues  Remaining  after  Isolating  the 

p-Cresol. 

The  residues  were  united  and  repeatedly  fractionated  in  vacuum, 
when  there  was  finally  obtained  a  small  amount  of  a  light  yellow 
oil  of  agreeable  terpene-like  odor.  It  did  not  react  with  cold 
concentrated  nitric  acid  but  the  oil  turned  reddish,  then  violet, 
and  finally  deep  purple  in  color.  On  heating  with  concentrated 
nitric  acid  it  dissolved  without  any  visible  reaction  and  on  dilu- 
ting with  water  a  cloudy  solution  resulted.  In  concentrated  sul- 
furic acid  it  dissolves  with  a  red  color.  It  is  insoluble  in  con- 
centrated sodium  or  potassium  hydroxide  even  on  boiling  but 
the  oil  turns  dark  in  color.     After  shaking  with  water  the  aqueous 

"Meyer,  V.,  and  Jacobson,  P.,  Lehrb.  organ.  Chem.,  1902,  ii,  pt.  i,  379. 
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solution  gives  no  reaction  with  ferric  chloride.  It  is  very  soluble 
in  all  of  the  ordinary  organic  solvents  but  insoluble  in  water. 
The  aqueous  suspension  of  the  oil  reduces  ammoniacal  silver 
nitrate  on  heating.  Potassium  permanganate  solution  is  decolor- 
ized when  added  to  the  oil  suspended  in  water.  In  chloroform 
solution  bromine  is  absorbed  at  once  with  liberation  of  hydro- 
bromic  acid.  The  oil  went  over  at  102°  at  about  1  mm.  pressure. 
On  analysis  the  following  result  was  obtained. 

0.1538  gm.  of  substance  gave  0.1490  gm.  HxO  and  0.4413  gm.  CO*. 
Found:  C  =  78.25;  H  =  10.84  per  cent. 

The  oil  was  dissolved  in  a  little  ether  and  thoroughly  shaken 
with  20  per  cent  sodium  hydroxide  for  some  time.  After  wash- 
ing with  water  the  ethereal  solution  was  dried  with  sodium  sul- 
fate, the  ether  evaporated,  and  the  oily  residue  distilled  in  vacuum. 
At  1  mm.  pressure  the  oil  went  over  at  the  same  temperature  as 
before;  viz.,  at  102°.  It  weighed  2.5  gm.  It  had  the  same  ap- 
pearance, odor,  and  properties  as  before  treatment  with  sodium 
hydroxide.     On  analysis  it  gave  the  following  results. 

0.1608  gm.  of  substance  gave  0.1599  gm.  H,0  and  0.4652  gm.  COi. 
Found:  C  =  78.90;  H  =  11.12  per  cent. 

The  composition  agrees  fairly  well  with  the  formula  CioHieO. 
For  CioHuO  =  152.     Calculated:  C  =  78.94;  H  -  10.52  per  cent. 

Attempts  to  Prepare  Crystalline  Derivatives  from  the  Oil  C\^H\tO. 

The  substance  did  not  react  with  phenylisocyanate  and  conse- 
quently it  cannot  contain  an  —OH  group.  It  gave  no  crystalline 
derivatives  with  phenylhydrazine  hydrochloride  and  it  did  not 
react  with  sodium  bisulfite. 

A  crystalline  semicarbazone,  however,  was  obtained  as  follows. 
0.76  gm.  of  the  oil  was  dissolved  in  10  cc.  of  glacial  acetic  acid  and 
to  it  were  added  0.6  gm.  of  semicarbazide  hydrochloride  and  0.8 
gm.  of  sodium  acetate  dissolved  in  2  cc.  of  water.  The  solution 
was  allowed  to  stand  for  2  days  at  room  temperature.  It  was 
then  diluted  with  water  and  the  oil  which  separated  was  extracted 
with  ether.  The  ethereal  solution  was  shaken  with  dilute  sodium 
hydroxide  to  remove  acetic  acid  and  then  dried  over  sodium  sul- 
fate.    After  evaporating  the  ether,  the  oily  residue  was  trans- 
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ferred  to  a  crystallizing  dish  with  ether  and  the  latter  evaporated 
in  a  vacuum  desiccator.  The  oil  which  remained  crystallized 
nearly  completely  on  standing.  The  crystals  were  freed  from 
adhering  oil  as  much  as  possible  by  pressing  between  filter  paper 
and  then  recrystallized  from  benzene  from  which  it  separated 
in  plates.  It  was  again  recrystallized  by  dissolving  in  a  little 
methyl  alcohol  and  adding  hot  water  until  the  solution  turned 
cloudy.  On  cooling,  the  substance  separated  in  colorless  plates. 
After  standing  in  the  ice  box  over  night  the  crystals  were  filtered 
off,  washed  in  50  per  cent  methyl  alcohol  and  water,  and  then 
dried  at  100°.  The  product  was  snow-white  and  was  practically 
odorless,  and  it  weighed  about  0.1  gm.  When  slowly  heated  it 
melted  at  165°  (uncorrected).  It  was  analyzed  after  drying  at 
105°  in  vacuum  over  phosphorus  pentoxide,  when  it  did  not 
lose  in  weight. 

0.0798  gm.  of  substance  gave  0.0692  gm.  H20  and  0.1838  gm.  CO*. 

For  Ci0H,«:  N.  NH.CO.NH2  =  209. 

Calculated:  C  =  63.15;  H  =  9.09;  N  =  20.09  per  cent. 

Found:  C  =  62.82;  H  =  9.70  per  cent. 

Unfortunately  we  were  unable  to  make  any  further  tests  to 
determine  the  nature  or  constitution  of  this  neutral  oil  on  ac- 
count of  lack  of  material,  most  of  the  substance  having  been 
used  up  in  making  preliminary  experiments.  There  appears, 
however,  to  be  no  doubt  that  the  neutral  non-phenolic  oil  ob- 
tained from  cow  urine  during  the  summer  has  the  composition 
CioHi60  and  is  isomeric  with  camphor. 

Further  Preparation  of  the  Non-Phenolic  Volatile  Oil  from  Cow  Urine. 

About  430  liters  of  mixed  urine  from  a  herd  of  cows  were  collected 
during  the  winter,  from  February  29  to  March  25.  The  fresh 
urine  was  evaporated  and  distilled  as  before.  The  distillates 
were  extracted  with  ether.  The  ethereal  solutions  were  vigor- 
ously shaken  with  three  separate  portions  of  20  per  cent  sodium 
hydroxide  and  then  with  dilute  sulfuric  acid  and  finally  washed 
with  water.  After  drying  with  sodium  sulfate  the  ether  was 
evaporated  and  the  oily  residue  distilled  in  vacuum.  There 
were  obtained  8.2  gm.  of  a  light  yellow  oil  of  a  penetrating,  not 
unpleasant  odor.     The  aqueous  solution  gave  no  reaction  with 
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ferric  chloride,  but  it  reacted  slightly  with  concentrated  nitric 
acid  which  indicated  the  presence  of  phenols.  For  further  puri- 
fication the  oil  was  transferred  to  a  distilling  flask  with  a  little 
ether  and  vigorously  shaken  with  20  per  cent  sodium  hydroxide 
and  finally  distilled  with  steam. 

The  light  yellow  oil  which  went  over  was  extracted  with  ether, 
dried  with  sodium  sulfate,  and  after  filtering  and  evaporating 
the  ether  the  residue  was  fractionated. 

* 

The  alkaline  liquid  above,  remaining  after  distilling  with  steam, 
was  extracted  with  ether  and  then  acidified  with  sulfuric  acid. 
The  oily  substance  which  separated  was  taken  up  with  ether, 
the  latter  dried  and  evaporated,  and  the  residue  distilled.  The 
oil  went  over  at  about  76°  and  2  mm.  pressure.  It  weighed  2.7 
gm.  It  was  a  practically  colorless  oil  of  distinct  phenolic  odor. 
With  concentrated  nitric  acid  it  reacted  with  great  violence. 
It  was  completely  soluble  in  concentrated  alkali.  The  aqueous 
suspension  gave  a  fine  blue  coloration  with  ferric  chloride.  When 
cooled  in  a  freezing  mixture  of  ice  and  salt  the  oil  crystallized 
to  a  white  mass.  All  of  these  reactions  indicate  that  the  substance 
was  cresol.  It  is  evident  from  this  how  difficult  it  is  to  extract 
all  of  the  phenols  or  cresols  from  an  ethereal  solution  even  with 
20  per  cent  sodium  hydroxide. 

The  volatile  oil  mentioned  above  after  distilling  over  sodium 
hydroxide  was  further  fractionated,  and  yielded  two  principal 
fractions.  Fraction  1  showed  the  same  boiling  point  as  the 
cresol  and  weighed  1  gm.  It  was  a  light  yellow  oil  of  pleasant 
ethereal  and  non-phenolic  odor.  It  gave  no  reaction  with  ferric 
chloride  and  did  not  react  with  concentrated  nitric  acid.  It  was 
insoluble  in  concentrated  alkali.  Neither  nitrogen  nor  sulfur 
could  be  detected.     It  gave  the  following  results  on  analysis. 

0.1285  gm.  of  substance  gave  0.1219  gm.  HaO#and  0.3523  gm.  CO.. 
Found:  C  =  74.77;  H  =  10.61  per  cent. 
This  nearly  agrees  with  tetrahydrocresol  C7H1JO  =  112. 
Calculated:  C  =  75.00;  H  =  10.71  per  cent. 

An  attempt  was  made  to  prepare  a  derivative  with  phenyliso- 
cyanate  as  follows:  0.56  gm.  of  the  oil  was  mixed  with  0.60  gm. 
of  phenylisocyanate  in  a  dry  test-tube  which  was  immediately 
sealed.     It  was  gently  warmed  for  a  short  time  and  allowed  to 
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stand  at  room  temperature  over  night.  A  considerable  amount 
of  colorless  crystals  had  then  separated.  In  the  hope  of  com- 
pleting the  crystallization  the  tube  was  heated  on  the  water  bath 
for  several  hours.  All  the  crystals  had  then  dissolved  and  it 
was  found  impossible  to  induce  the  formation  pf  any  further  crj^s- 
tallization  in  the  solution ;  even  on  standing  for  several  weeks  not 
a  single  crystal  formed.  The  small  available  quantity  of  the  oil 
prevented  any  further  examination. 

Fraction  2  of  the  above  neutral  oil  went  over  at  about  100° 
at  0.25  mm.  pressure.  This  portion  weighed  2.5  gm.  and  as  far 
as  color,  odor,  and  reactions  were  concerned  it  seemed  to  be  iden- 
tical with  the  non-phenolic  oil  CioHi<$0  previously  described  in 
this  paper.  It  also  had  the  same  composition  and  it  was  free 
from  nitrogen  and  sulfur. 

0.1592  gm.  of  substance  gave  0.1489  gm.  H*0  and  0.4571  gm.  CO2. 

Found:  C  =  78.30;  H  =  10.46  per  cent. 

For  CioH,80  =  152.     Calculated:  C  =  78.94;  H  =  10.52  per  cent. 

Although  the  oil  had  the  same  percentage  composition  as  the 
product  isolated  from  cow  urine  during  the  summer  it  was  dif- 
ferent in  that  it  did  not  give  a  crystalline  semicarbazone.  After 
acting  upon  the  substance  with  semicarbazide  hydrochloride  in 
the  same  way  as  before  an  oil  was  obtained  which  did  not  crystal- 
lize and  on  distillation  in  high  vacuum  nearly  one-half  of  the 
original  oil  was  recovered  unchanged  as  it  boiled  at  the  same 
temperature  and  it  had  the  same  composition. 

Found:  C  =  79.15;  H  =  10.49  per  cent. 

A  considerable  residue  remained  in  the  distillation  flask.  It 
was  a  sticky,  non-crystallizable  syrup  which  contained  a  large 
quantity  of  nitrogen.  It  was  probably  a  condensation  product 
with  semicarbazide  but  it  did  not  crystallize  itself  nor  could  it 
be  brought  to  crystallization  in  any  of  the  usual  solvents. 

It  would  seem,  then,  that  a  portion  of  the  non-phenolic  oil 
excreted  during  the  winter,  although  it  has  the  same  percentage 
composition,  differs  in  constitution  from  the  oil  excreted  during 
the  summer.  In  addition,  the  winter  urine  contained  an  oil 
having  a  lower  boiling  point  and  a  lower  carbon  content  than  that 
obtained  in  the  summer. 
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We  believe  for  this  reason  that  the  nature  of  the  terpene-like 
substances  contained  in  the  feed  condition  the  nature  and  com- 
position of  the  volatile  oils  excreted  in  the  urine.  If  this  view 
is  correct  it  is  not  surprising  that  the  non-phenolic  volatile  oils 
excreted  in  the  urine  during  the  winter  differ  from  those  which 
are  excreted  in  the  summer  when  a  part  of  the  ration  consists 
of  green  grass.  It  also  follows  that  the  non-phenolic  oils  of  the 
urine  are  not  constant  metabolic  products  but  that  their  nature 
to  a  large  extent  will  depend  upon  the  nature  of  the  mother 
substances  contained  in  the  feed  and  are  consequently  of  minor 
importance  in  the  animal  metabolism. 

SUMMARY. 

It  has  been  shown  that  the  so  called  neutral  oil  obtained  from 
cow  urine  consists  for  the  greater  part  of  p-cresol.  Mixed  with 
this,  however,  there  is  present  a  very  small  percentage  of  an  aro- 
matic non-phenolic  oil  of  agreeable  odor  having  the  composi- 
tion CioHi60.  This  substance  is  present  in  larger  amount  dur- 
ing the  summer  than  in  the  winter.  The  non-phenolic  oils 
excreted  during  the  winter  are  not  chemically  identical  with 
those  eliminated  during  the  summer.  The  nature  of  these  sub- 
stances apparently  depends  upon  the  nature  of  the  terpene-like 
bodies  contained  in  the  feed  which  the  animals  obtain. 

The  substance  called  "Urogon"  by  Mooser  is  a  mixture  of 
p-cresol  and  the  above  non-phenolic  neutral  oils. 

The  "Urogol"  of  Mooser  we  have  shown  to  give  the  same  de- 
rivatives as  p-cresol  and  hence  we  believe  that  "Urogol"  and 
p-cresol  are  identical. 

Attention  is  called  to  the  difficulty  of  removing  phenols  from 
an  ethereal  solution  of  phenols  and  non-phenolic  oils  by  extrac- 
tion with  aqueous  alkali. 
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INTRODUCTION. 

It  has  been  shown  in  a  previous  report  from  this  laboratory1 
that  the  neutral  oil,  the  so  called  "Urogon"  of  Mooser,2  isolated 
from  the  distillates  of  acidified  cow  urine  consists  principally  of 
p-cresol  mixed  with  a  very  small  percentage  of  a  non-phenolic 
volatile  oil  having  the  composition  represented  by  the  formula 
doHieO,  thus  confirming  the  opinion  expressed  by  Neuberg  and 
Czapski8  that  "Urogon"  was  not  a  homogeneous  substance  but 
a  mixture  consisting  largely  of  p-cresol.  Since  it  has  been  claimed 
by  Fricke4  that  the  distillates  from  goat  urine  yield  a  neutral 
oil  identical  with  "Urogon,"  we  have  also  prepared  and  examined 
the  neutral  oil  obtained  from  this  source. 

The  goat  urine  was  concentrated  and  distilled  in  the  same  way 
as  the  cow  urine  and  the  oil  was  isolated  in  the  same  manner. 
By  treatment  with  20  per  cent  sodium  hydroxide  this  neutral 
oil  or  "Urogon"  was  separated  into  two  portions — the  alkali- 
soluble  and  the  alkali-insoluble. 

The  alkali-soluble  portion  was  found  to  be  identical  in  every 
respect  with  p-cresol.  It  combined  with  phenylisocyanate  giv- 
ing a  crystalline  compound  which  had  the  composition  and 
melting  point  required  for  p-cresol  urethane,  and  by  the  action 
of  nitric  acid  the  3-5-dinitro  p-cresol  was  also  formed.     These 

1  Anderson,  R.  J.,  J.  Biol.  Chem.,  1916,  xxvi,  387. 
*  Mooser,  W.,  Z.  physiol.  Chem.,  1909,  lxiii,  155. 

3  Neuberg,  C,  and  Czapski,  L.,  Biochem.  Z.,  1914,  lxvii,  28. 

4  Fricke,  E.,  Arch.  ges.  Physiol.,  1914,  clvi,  225. 

401 


402  Aromatic  Constituents  of  Urine.  II 

derivatives  in  addition  to  the  reactions  and  properties  of  the 
substance  itself  leave  no  doubt  that  it  was  p-cresol. 

The  alkali-insoluble  portion  of  the  crude  neutral  oil  was  found 
to  be  identical  in  every  particular  with  the  non-phenolic  oil  iso- 
lated from  cow  urine.  It  had  the  same  appearance  and  odor  and 
in  composition  it  agreed  with  the  formula  CjoHi60.  This  oil 
gave  a  crystalline  semicarbazone  when  acted  upon  with  semi- 
carbazide  hydrochloride  in  glacial  acetic  acid  solution  which  in 
crystal  form  and  solubilities  was  identical  with  the  semicarbazone 
obtained  from  the  oil  from  cow  urine  and  like  the  latter  it  melted 
at  165°. 

It  is  evident,  therefore,  that  the  neutral  oils  or  "Urogon" 
isolated  from  cow  and  goat  urine  are  identical  and  that  they 
consist  of  a  mixture  containing  principally  p-cresol  with  a  small 
percentage  of  a  non-phenolic  volatile  oil  having  the  composition 
expressed  by  the  formula  doHjeO. 

EXPERIMENTAL. 

The  urine  was  collected  during  the  summer  when  the  animals 
were  fed  on  green  alfalfa,  hay,  oats,  and  corn  meal.  After  evap- 
orating the  fresh  urine  to  about  one-eighth  of  its  volume  it  was 
strongly  acidified  with  sulfuric  acid  and  distilled,  partly  direct 
and  partly  with  steam,  until  no  further  oil  appeared  in  the  dis- 
tillate. The  distillates  were  transferred  to  a  large  separating 
funnel  and  rendered  strongly  alkaline  with  sodium  hydroxide 
and  then  extracted  several  times  with  ether.  The  ethereal 
solutions  were  again  shaken  with  sodium  hydroxide  and  then 
with  dilute  sulfuric  acid  and  finally  washed  several  times  with 
water.  After  drying  with  sodium  sulfate  and  filtering,  the 
ether  was  evaporated.  The  oily  residue  was  of  dark  yellow  color 
and  it  possessed  a  very  penetrating,  persistent,  and  disgusting 
odor  which  resembled  the  natural  odor  peculiar  to  goats.  In  all, 
45  liters  of  goat  urine  were  distilled  which  yielded  22.3  gm.  of 
oil  after  distilling  in  vacuum  at  1  mm.  pressure. 

The  distillate  was  a  light  yellow  oil  of  the  same  disgusting  odor 
as  the  raw  product.  It  was  neutral  to  litmus  and  contained 
neither  nitrogen  nor  sulfur.  With  concentrated  nitric  acid  it 
reacted  with  great  violence.     Suspended  in  water  it  was  immedi- 


R.  J.  Anderson  403 

ately  oxidized  by  potassium  permanganate.  It  did  not  reduce 
Fehling's  solution  but  an  alkaline  solution  of  silver  nitrate  was 
reduced  on  heating.  In  chloroform  solution  the  substance  takes 
up  bromine  with  liberation  of  hydrobromic  acid.  The  oil  is  easily 
soluble  in  all  proportions  in  the  ordinary  organic  solvents  but 
insoluble  in  water  or  dilute  alkali.  When  treated  with  con- 
centrated  alkali  the  disgusting  odor  disappeared  and  a  pleasant 
terpene-like  odor  resulted.  On  analysis  the  following  result 
was  obtained. 

0.1537  gm.  of  substance  gave  0.1078  gm.  H,0  and  0.4350  gm.  CO*. 
Found:  C  =  77.19;  H  =  7.84  per  cent. 

These  figures  agree  with  those  found  for  the  neutral  oil  from 
cow  urine.1  The  composition  is  also  identical  with  that  of  the 
substance  called  "Urogon"  by  Mooser.2 

Since  the  oil  had  been  extracted  from  a  strongly  alkaline  liquid 
and  as  the  ethereal  solution  had  been  further  treated  with  sodium 
hydroxide  it  was  thought  that  phenols  had  been  completely 
removed.  However,  this  was  by  no  means  the  case,  as  will  be 
shown  below. 

The  oil  was  further  carefully  fractionated  in  high  vacuum  at 
-about  1  mm.  pressure  when  the  temperature  rose  slowly  but  con- 
tinuously, indicating  that  the  substance  was  not  homogeneous. 
-After  the  greater  portion  had  been  distillated,  the  residue,  a 
light  yellow  oil,  was  taken  up  in  a  little  ether  and  shaken  for  a 
long  time  with  20  per  cent  sodium  hydroxide.  The  ethereal 
solution  was  washed  with  water,  dried  with  sodium  sulfate, 
filtered,  and  the  ether  evaporated. 

The  oily  residue  was  distilled  and  at  1  mm.  pressure  it  went  over 
l>etween  101-102°.     The  distillate,  which  weighed  1.5  gm.,  was  a 
light  yellow  colored  oil,  of  agreeable  terpene-like  odor  and  it  ap- 
peared identical  with  the  oil  obtained  from  cow  urine.     It  dis- 
solved in  concentrated  sulfuric  acid  with  a  red  color.     It  gave  no 
reaction  with  concentrated  nitric  acid;  on  warming  the  acid  the 
oil  dissolved  without  any  visible  reaction  and  on  diluting  with 
water  a  cloudy  solution  resulted.     It  was  insoluble  in  20  per 
cent  sodium  hydroxide  or  in  40  per  cent  potassium  hydroxide 
and  on  heating  these  solutions  to  boiling  the  oil  turned  brown  in 
color.     It  did  not  crystallize  or  solidify  on  cooling  in  a  freezing 
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mixture  to  —20°.  The  aqueous  suspension  gave  no  color  reaction 
with  ferric  chloride.  Alkaline  silver  nitrate  was  reduced  on 
heating  and  potassium  permanganate  was  decolorized  at  room 
temperature. 

The  first  and  principal  portion  of  the  distillate  mentioned  above 
was  treated  with  sodium  hydroxide,  20  per  cent,  in  the  same 
manner  and  it  yielded  0.9  gm.  of  the  non-phenolic  oil  boiling  at 
101-102°  at  1  mm.  pressure. 

The  alkaline  solutions  were  reserved  for  further  examination. 
The  non-phenolic  oils  were  analyzed  and  the  following  result  was 
obtained. 

First  Preparation. 

0.1716  gm.  of  substance  gave  0.1713  gm.  H20  and  0.4923  gm.  COs. 
Found:  C  =  78.24;  H  =  11.17  per  cent. 

Second  Preparation. 

0.1008  gm.  of  substance  gave  0.1019  gm.  HaO  and  0.2908  gm.  CO*. 

Found:  C  =  78.68;  H  =  11.31  per  cent. 

For  CioHuO  =  152.     Calculated:  C  =  78.94;  10.52  per  cent. 

Preparation  of  the  Semicarbazone. 

The  oil,  1.1  gm.,  was  dissolved  in  13  cc.  of  glacial  acetic  acid  and 
to  it  was  added  a  solution  of  0.9  gm.  semicarbazide  hydrochloride 
and  1.3  gm.  of  sodium  acetate  in  2.5  cc.  of  water.  After  standing 
for  3  or  4  days  at  room  temperature,  the  perfectly  clear  solution 
was  diluted  with  water  and  the  oily  substance  which  separated 
was  extracted  with  ether.  The  ethereal  solution  was  washed 
with  dilute  sodium  hydroxide  to  remove  acetic  acid  and  then 
washed  with  water  and  dried  with  sodium  sulfate.  After  filter- 
ing, the  ether  was  evaporated.  The  oily  residue  crystallized 
partially  on  standing.  To  remove  adhering  oil  the  substance 
was  spread  upon  a  clay  plate.  The  pure  white  crystalline  sub- 
stance which  remained  was  twice  recrystallized  by  dissolving 
in  hot  methyl  alcohol  and  adding  hot  water  until  the  solution 
turned  cloudy.  On  cooling,  the  substance  separated  in  colorless 
plates.  The  snow  white  product  finally  obtained  weighed  0.1  gm. 
The  crystal  form  was  identical  with  that  of  the  semicarbazone 
obtained  from  the  non-phenolic  oil  from  cow  urine  and  like  the 
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latter  this  substance  also  melted  sharply  at  165°  (uncorrected). 
Since  the  crystal  form  and  melting  point  of  the  two  semicarbazones 
were  exactly  alike  we  believe  that  the  substances  were  identical. 

Examination  of  the  Alkali-Soluble  Portion  of  the  Crude  Neutral  Oil. 

The  alkaline  solution  was  acidified  with  sulfuric  acid  and  the  oil 
which  separated  was  extracted  with  ether.  The  ethereal  solution 
was  dried  with  sodium  sulfate,  filtered,  and  the  ether  distilled  off. 
The  oil  which  remained  was  distilled  in  vacuum  and  at  about  1  nun. 

• 

pressure  it  went  over  at  76°.  It  was  obtained  as  a  practically 
colorless  oil  of  distinctly  phenolic  odor.  It  was  completely 
soluble  in  20  per  cent  sodium  hydroxide.  It  reacted  with  great 
violence  with  a  concentrated  nitric  acid.  In  concentrated  sul- 
furic acid  it  dissolved  with  a  faint  red  color.  When  cooled  in  a 
freezing  mixture  of  ice  and  salt  it  crystallized  to  a  white  solid 
mass  which  again  liquefied  at  room  temperature.  Its  aqueous 
solution  or  suspension  gave  a  fine  blue  color  with  ferric  chloride. 
At  atmospheric  pressure  the  oil  boiled  at  198°  (uncorrected). 
The  analysis  gave  the  following  result. 

0.1042  gm.  of  substance  gave  0.0744  gm.  H,0  and  0.2949  gm.  CO, 
0.1696  gm.  of  substance  gave  0.1172  gm.  H20  and  0.4816  gm.  COs. 
Found:  C  =  77.18;  H  =  7.99  per  cent. 
C  =  77.44;  H  =  7.55  per  cent. 
For  cresol,  C7H80  =  108.  Calculated:  C  =  77.77;  H  =  7.40  per  cent. 

Preparation  of  Cresol  Urethane. 

The  cresol  urethane  was  easily  prepared  according  to  the  method 
of  Snape5  as  follows:  1.08  gm.  of  the  substance  analyzed  above 
.»nd  1.19  gm.  of  phenylisocyanate  were  heated  in  a  sealed  tube 
for  16  hours  in  the  steam  bath.  At  the  end  of  this  time  the  con- 
tent was  still  fluid  but  on  shaking  for  a  few  minutes  it  crystallized, 
forming  a  solid  mass.  The  substance  was  removed  from  the  tube 
and  washed  several  times  with  petroleum  ether.  It  was  then 
recrystallized  by  dissolving  in  20  cc.  of  hot  alcohol  and  adding 
hot  water  until  the  solution  turned  cloudy.  On  scratching,  the 
substance  began  to  separate  in  large  colorless  plates.    After 

1  Snape,  H.  L.,  Ber.  chem.  Ges.,  1885,  xviii,  2429. 
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standing  in  ice  water  for  some  time  the  crystals  were  filtered  off 
and  washed  in  dilute  alcohol.  The  substance  was  again  recrystal- 
lized  from  10  cc.  of  hot  alcohol  from  which  it  separated,  on  cool- 
ing slowly,  in  long  colorless  needles  or  prisms.  When  the  alcoholic 
solution  is  cooled  quickly  the  substance  separated  in  large  color- 
less plates.  The  crystals  were  filtered  and  washed  in  a  little  ice 
cold  alcohol  and  allowed  to  dry  in  the  air.  Yield :  0.9  gm.  The 
balance  of  the  substance  can  be  obtained  by  adding  water  to  the 
alcoholic  solution. 

When  heated  in  a  capillary,  tube  the  substance  melted  at  113° 
(uncorrected).  According  to  Leuckart,6  as  quoted  in  Beilstein, 
the  urethane  of  p-cresol  melts  at  114°.  After  drying  at  100°  in 
vacuum  over  phosphorus  pentoxide  when  it  did  not  lose  in  weight 
the  substance  was  analyzed. 

0.1391  gm.  of  substance  gave  0.0720  gm.  HsO  and  0.3760  gm.  CO,. 
For  cresol  urethane  CHj.CeH^O.    CO.NH.C.H*  -  227. 
Calculated:  C  =  74.01;  H  =  5.72;  N  =  6.16  per  cent. 
Found:  C  =  73.72;  H  =  5.79  per  cent. 

Preparation  of  the  Dinitro  Cresol. 

The  oil  itself,  as  has  been  mentioned  previously,  reacts  with 
great  violence  with  concentrated  nitric  acid.  Sometimes  long 
yellow  needles  separate  when  the  reaction  mixture  cools  but 
most  frequently  dark  colored  oily  masses  are  obtained.  Howeve* , 
the  dinitro  derivative  is  easily  obtained  by  the  method  mentioned 
in  Beilstein.  About  4  gm.  of  the  oil  were  dissolved  in  4  cc.  of 
glacial  acetic  acid.  To  this  solution  was  added  slowly  a  mixture 
of  6  cc.  of  concentrated  nitric  acid  dissolved  in  6  cc.  of  glacial 
acetic  acid.  The  vigorous  reaction  was  soon  completed  and  on 
standing  a  short  time  the  nitro  compound  began  to  separate  in 
long  needles.  After  standing  for  2  hours  in  the  ice  box  the  yellow 
crystals  were  filtered  off  and  washed  thoroughly  in  water.  For 
recrystallization  the  substance  was  dissolved  in  a  large  quantity 
of  boiling  water  (about  1.5  liters).  The  substance  is  very  slightly 
soluble  in  water.  At  first  it  melts  in  the  hot  water  and  dissolves 
very  slowly  on  continued  boiling.  After  filtering  and  cooling 
slowly  to  room  temperature  long  delicate  golden  yellow  needles 

•  Leuckart,  R.,  J.  prakt.  Chcm.,  1S90,  xli,  319. 
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separated.    These  were  filtered  off,  washed  in  water,  and  dried 
over  sulfuric  acid  in  a  vacuum  desiccator. 

The  crystals  melted  when  heated  in  a  capillary  tube  at  83° 
(uncorrected).  The  3-5-dinitro  p-cresol  according  to  Beilstein 
melts  at  85°.  The  substance  does  not  contain  any  water  of 
crystallization  as  it  does  not  lose  in  weight  on  drying  over  phos- 
phorus pentoxide  at  the  temperature  of  boiling  chloroform.  From 
alcohol  the  substance  crystallizes  in  very  massive  dark  yellow 
needles  which  also  melted  at  83°.  On  analysis  the  following 
result  was  obtained. 

0.1718  gm.  of  substance  gave  0.0509  gm.  H,0  and  0.2678  gm.  CO,. 
For  dinitro  cresol,  CH,.    C»Hi(NO,),.    OH  =  198. 
Calculated:  C  =  42.42;  H  -  3.03;  N  =  14.14  per  cent. 
Found:  C  -  42.51;  H  =  3.31  per  cent. 

For  comparison  with  the  above  dinitro  cresol  we  prepared  a 
dinitro  compound  by  the  same  method  from  the  cresol  isolated 
from  cow  urine.     From  the  distillates  from  cow  urine  we  had 
obtained  about  300  gm.  of  cresol  as  a  by-product  in  the  prep- 
aration of  the  non-phenolic  volatile  oils  previously  described.1 
The  two  dinitro  derivatives  were  found  to  be  identical  in  every 
xespect.    The  dinitro  cresol  from  cow  urine  crystallized  from 
alcohol  in  massive  dark  yellow  needles  which  melted  at  83° 
^uncorrected),  and  from  water  it  separated  in  long  delicate  golden 
yellow  needles  which  also  melted  at  83°  (uncorrected).    The 
identity  of  the  two  substances  was  further  confirmed  by  the 
analysis. 

0.1177  gm.  of  substance  gave  0.0339  gm.  H20  and  0.1817  gm.  CO*. 
Found:  C  =  42.10;  H  =  3.22  per  cent. 

There  appears  to  be  no  doubt  from  the  work  reported  above 

"tihat  the  alkali-soluble  portion  of  the  crude  oil  obtained  from  goat 

larine  was  identical  with  the  oil  obtained  under  similar  conditions 

from  cow  urine.    The  study  of  the  substance  itself  and  the 

derivatives  mentioned  above  makes  it  evident  that  the  oil  is  p- 

cresol.     The  substance  is  also  identical  with  the  phenol  called 

"Urogol"  by  Mooser.2    Since  we  have  shown,  however,  that  the 

above  oil  is  identical  with  p-cresol  it  is  evident  that  "Urogol" 

also  is  not  isomeric  but  identical  with  p-cresol. 
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SUMMARY. 

The  experimental  data  presented  in  this  paper  show  that  the 
neutral  oil  obtained  from  goat  urine,  which  was  described  under 
the  name  of  "Urogon"  by  Fricke,  is  a  mixture. 

The  oil  contains  principally  p-cresol  mixed  with  a  small  per- 
centage of  a  non-phenolic  volatile  oil,  the  composition  correspond- 
ing to  the  formula  Ci0Hi6O. 

Both  of  these  substances  are  identical  with  the  oils  isolated 
from  cow  urine. 


CONCERNING  CERTAIN  AROMATIC  CONSTITUENTS 

OF  URINE. 

III.  THE  NON-PHENOLIC  VOLATILE  OILS  OF  HORSE 

AND  HUMAN  URINE. 

By  R.  J.  ANDERSON. 

(From  the  Chemical  Laboratory  of  the  New  York  Agricultural  Experiment 

Station ,  Geneva.) 

(Received  for  publication,  July  24,  1916.) 

INTRODUCTION. 

It  was  reported  by  Stadeler1  that  the  distillates  from  acidified  urines 
from  horses  and  human  beings  contained  certain  alkali-insoluble  volatile 
oils  similar  to  the  oil  obtained  from  cow  urine.    Other  investigators  have 
observed  and  confirmed  this  report  of  Stadeler.    Hoppe-Seyler2  states 
that  in  horse  urine  there  occur  in  addition  to  phenols  also  volatile  camphor- 
like substances  and  Baumann,3  in  his  exhaustive  investigations  concern- 
ing the  conjugated  sulfuric  acids  in  urine  observed  a  similar  substance. 
"This  author  states,  "Destilliert  man  das  durch  Zersetzung  einer  grosseren 
Menge  Pferdeharn  erhaltene,  auf  dem  Wasser  meist   schwimmende  Oel 
*nit  Atzkali,  so  erhalt  man  im  Destillat  auf  dem  Wasser  schwimmende  gelbe 
oelige  Tropfen  die  frei  von  phenolartige  Korper  sind.    Dieselbcn  besitzen 
^inen  cigentumlichen,  an  gewisse  atherische  Oele  erinnernden  Geruch." 
^Brieger4  describes  a  similar  oil  obtained  from  human  urine.    This  sub- 
stance is  described  as  a  light  yellow  colored  oil  of  pleasant  peppermint-like 
odor.     By  cooling,  it  neither   solidified   nor   crystallized.     It  contained 
nitrogen.    It  gave  red  colorations  with  fuming  nitric  acid,  concentrated 
sulfuric  acid,  and  with  Millon's  reagent.    With  concentrated  hydrochloric 
acid  it  gave  a  fine  red  color  which  changed  into  blue  and  after  a  while  into 
a  dirty  violet.    Bromine  water  gave  a  resinous  precipitate  but  the  oil  gave 
no  color  reaction  with  ferric  chloride.    Given  to  a  rabbit  it  caused  no 
visible  disturbance. 


1  Stadeler,  G.,  Ann.  Chem.,  1851,  lxxvii,  17. 

*  Hoppe-Seyler,  E.,  Handb.  Phys.  u.  Path.  Chem.  Analyse,  Berlin,  4th 
edition,  1875,  109. 

*  Baumann,  E.,  Arch.  ges.  Physiol.,  1876,  xiii,  285. 
4  Brieger,  L.,  Z.  physiol.  Chem.,  1880,  iv,  204. 
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It  has  been  claimed  by  Fricke6  that  both  horse  and  human  urine  con- 
tain the  substance  "Urogon"  described  by  Mooser1  as  existing  in  cow 
urine.  We7  have  shown,  however,  that  the  substance  "Urogon"  is  not 
homogeneous  but  a  mixture  consisting  of  p-cresol  and  a  non-phenolic  oil 
having  the  composition  CmHieO,  our  results  confirming  the  opinion  ex- 
pressed by  Neuberg  and  Czapski.8 

Dehn  and  Hartman9  have  recently  reported  the  discovery  in  human 
urine  of  a  substance  which  they  call  "Urinod."  This  substance  is  sup- 
posed to  be  the  cause  of  the  characteristic  odor  of  urine  and  it  is  described 
as  possessing  other  remarkable  properties.  It  reacted  with  concentrated 
nitric  acid  with  explosive  violence  and  when  treated  with  fixed  alkalis 
a  tcrpene-like  odor  was  produced.  The  substance  combined  with  bromine 
with  liberation  of  hydrobromic  acid.  It  gave  no  definite  compounds  with 
semicarbazide  or  hydroxylamine  hydrochlorides  but  a  crystalline  dinitro 
derivative  was  obtained. 

In  the  present  investigation  we  have  confined  ourselves  entirely 
to  the  non-phenolic  or  alkali-insoluble  portion  of  the  oils  obtained 
on  distilling  acidified  horse  urine  and  human  urine.  In  the  prepa- 
ration of  the  so  called  neutral  or  alkali-insoluble  oils  from  the 
distillates  of  urine  it  is  necessary  to  bear  in  mind  that  the  dis- 
tillates contain  large  quantities  of  phenols  principally  p-cresol 
and  a  very  small  percentage  of  really  neutral  or  alkali-insoluble 
oils.  We  have  previously  referred  to  the  difficulty  of  completely 
removing  phenols  from  an  ethereal  solution  by  shaking  the  lat- 
ter with  aqueous  alkali7  and  Neuberg  and  Czapski8  have  shown 
that  both  phenol  and  cresol  may  be  extracted  by  petroleum  ether 
from  a  strongly  alkaline  solution.  Various  authors  like  Mooser6 
Fricke,6  and  Dehn  and  Hartman*  apparently  have  not  taken  the 
importance  of  this  matter  into  account  and  have  failed  to  assure 
themselves  that  phenols  and  cresols  had  been  completely  removed 
from  the  so  called  neutral  oils  which  they  finally  obtained  and 
analyzed. 

We  cannot  believe  that  the  oil  described  under  the  name  of 
"Urinod"  by  Dehn  and  Hartman'  is  any  more  of  a  chemically 
homogeneous  substance  than  the  "Urogon"  of  Mooser  and  Fricke. 

6  Fricke,  E.,  Arch.  gcs.  Physiol,  1914,  clvi,  225. 

6  Mooser,  W.,  Z.  phytiol.  Chem.,  1909,  lxiii,  155. 

7  Anderson,  R.  J.,  /.  Biol.  Chem.,  1916,  xxvi,  387,  401. 

8  Neuberg,  C,  and  Czapski,  L.,  Biochcm.  Z.,  1914,  lxvii,  28. 

9  Dehn,  W.  M.,  and  Hartman,  F.  A.,  /.  Am.  Chem.  Soc.,  1914,  xxxvi, 
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The  properties  ascribed  to  "Urinod"  are  practically  identical 
with  those  which  we  have  observed  in  the  case  of  all  so  called 
neutral  oils  obtained  from  cow  and  goat  urines.  The  peculiar 
chemical  reactivity  of  these  oils,  viz.,  the  violent  reaction  with 
concentrated  nitric  acid  and  the  absorption  of  bromine  with 
liberation  of  hydrobromic  acid,  is  due  to  the  cresol  contained 
in  such  oils  and  we  feel  quite  certain  that  the  substance  called 
"Urinod"  must  also  have  been  largely  contaminated  with  phenol 
or  cresol  since  it  would  have  been  practically  impossible,  in  ac- 
cordance with  our  experience,  completely  to  remove  all  of  the 
phenols  by  the  method  employed  by  Dehn  and  Hartman. 

The  peculiar  and  disgusting  odors  possessed  by  all  of  the  crude 
neutral  oils  obtained  from  urine  distillates  are  apparently  caused 
by  very  minute  quantities  of  powerfully  odorous  substances. 
These  odors,  moreover,  differ  according  to  the  kind  of  urine  from 
which  the  oils  are  isolated.  The  oil  from  goat  urine,  for  instance, 
has  a  powerful  and  disgusting  odor  of  goats,  that  from  cow  urine 
smells  like  the  odor  peculiar  to  cow  stables,  and  the  oil  from 
human  urine  has  a  strong  and  persistent  odor  which  is  very 
similar  to  that  of  human  urine.  These  odors  are  destroyed  by 
nitric  acid,  as  stated  by  Dehn  and  Hartman,  and  they  are  also 
immediately  destroyed  by  concentrated  alkali  when  brought 
into  direct  contact  with  the  crude  oils.  We  have  noticed  also 
that  these  odors  are  lost  on  repeated  ^fractionation  of  the  oils  in 
high  vacuum.  For  this  reason  we  believe  that  these  highly 
odorous  substances  are  very  volatile  bodies  which  are  merely 
dissolved  in  the  crude  oils.  The  crude  oils  like  "Urogon"  and 
"Urinod"  contain  therefore  not  less  than  three  substances;  viz., 
(1)  principally  cresol;  (2)  a  small  percentage  of  alkali-insoluble 
neutral  oils  which  vary  according  to  the  terpene-like  bodies 
contained  in  the  food;  and  (3)  the  disgusting  odorous  bodies. 

The  first  two  can  be  separated  by  means  of  sufficiently  con- 
centrated alkali  which  dissolves  out  the  cresol  leaving  the  alkali- 
insoluble  oil  but  the  odorous  substances  become  destroyed 
by  this  treatment,  because  the  residual  insoluble  oil  possesses 
an  agreeable  terpene-like  odor  and  the  cresol  isolated  after  acidi- 
fying the  alkaline  solution  has  a  pure  phenolic  odor  without  any 
trace  of  the  disgusting  odor  of  the  original  substance. 

It  would  be  interesting  to  study  further  these  odorous  sub- 
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stances.  Such  studies,  however,  are  very  difficult  because  these 
substances  are  apparently  present  in  exceedingly  minute  quan- 
tities. Although  we  have  tried  to  obtain  some  knowledge  con- 
cerning their  nature  we  have  been  unable  to  secure  any  other 
evidence  of  their  existence  than  the  smell. 

EXPERIMENTAL. 

The  Non-Phenolic  Volatile  Oil  from  Horse  Urine. 

About  67  liters  of  mixed  horse  urine  were  collected  during  the 
winter.  The  fresh  urine  was  evaporated  to  about  one-eighth  of 
its  volume,  strongly  acidified  with  sulfuric  acid,  and  distilled 
with  steam  until  no  more  oil  went  over.  The  distillates  were 
extracted  with  ether  and  the  ethereal  solution  was  repeatedly 
shaken  with  20  per  cent  sodium  hydroxide  and  then  with  dilute 
sulfuric  acid,  finally  washed  with  water,  and  dried  with  sodium 
sulfate.  After  evaporating  the  ether  the  oily  residue  was  dis- 
tilled in  vacuum.  There  were  obtained  2  gm.  of  a  light  yellow 
oil  which  in  odor  resembled  the  product  previously  isolated  from 
cow  urine,  but  it  differed  in  composition  by  containing  nearly 
3  per  cent  more  hydrogen. 

0.1353  gm.  of  substance  gave  0.1251  gm.  HiO  and  0.3831  gm.  CO*. 
Found:  C  =  77.22;  H  =-  10.^5  per  cent. 

The  substance  reacted  slightly  with  concentrated  nitric  acid 
which  indicated  traces  of  cresol. 

The  oil  was,  therefore,  thoroughly  shaken  with  20  per  cent 
sodium  hydroxide  until  a  milky  emulsion  was  formed.  This 
was  extracted  with  ether  and  after  drying  and  evaporating  the 
ether  the  residue  was  again  distilled  in  vacuum.  At  about  1  mm. 
pressure  it  went  over  at  100°.  It  was  a  light  yellow  colored  oil 
of  pleasant  aromatic  or  terpene-like  odor  which  weighed  0.7 
gm.     It  was  free  from  nitrogen  and  sulfur. 

The  alkaline  solution,  after  extracting  the  above  alkali-insoluble 
oil,  was  acidified  with  sulfuric  acid,  the  oily  substance  was  ex- 
tracted with  ether,  and  finally  distilled  in  vacuum.  The  distillate 
went  over  at  76°  and  2  mm.  pressure.  It  was  a  practically  color- 
less oil  of  distinct  phenolic  odor  which  when  suspended  in  water 
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gave  a  fine  blue  coloration  with  ferric  chloride  and  it  reacted 
with  great  violence  with  concentrated  nitric  acid.  There  ap- 
pears to  be  no  doubt,  therefore,  that  this  substance  was  cresol. 
This  shows  again  how  difficult  it  is  to  extract  all  of  the  phenols 
from  an  ethereal  solution  by  aqueous  alkali.  Traces  of  cresol 
remained  in  this  oil  in  spite  of  the  fact  that  the  ethereal  solution 
had  repeatedly  been  shaken  thoroughly  with  20  per  cent  sodium 
hydroxide. 

Properties  of  the  Above  Alkali-Insoluble  or  Neutral  Oil. 

The  aqueous  suspension  of  the  oil  gives  no  color  reaction  with 
ferric  chloride.  It  does  not  solidify  in  a  freezing  mixture  of  ice 
and  salt.  When  mixed  with  cold  concentrated  nitric  acid  the 
oily  globules  assume  a  red  color  and  on  warming,  the  oil  dissolves, 
giving  a  yellow  solution  which  on  dilution  with  water  turns 
cloudy.  With  cold  concentrated  hydrochloric  acid  no  change 
takes  place  but  on  heating  the  oil  turns  red  in  color.  In  cold 
concentrated  sulfuric  acid  the  oil  dissolves  giving  a  dark  red 
solution.  In  chloroform  solution  bromine  is  absorbed  with 
liberation  of  hydrobromic  acid.  Potassium  permanganate  solu- 
tion is  immediately  decolorized.  Ammoniacal  silver  nitrate  is 
reduced  on  heating.  It  is  soluble  in  all  proportions  in  the  ordi- 
nary organic  solvents  but  insoluble  in  alkali  or  water.  On  analysis 
the  following  result  was  obtained. 

0.1247  gm.  of  substance  gave  0.1224  gm.  H20  and  0.3423  gm.  C02. 
Found:  C  =  74.86;  H  =  10.98  per  cent. 

The  percentage  composition  agrees  with  the  formula  CyHuO. 
Calculated  for  this:  C  =  75.00;  H  =  10.71  per  cent. 

The  Non-Phenolic  Oil  from  Human  Urine. 

The  fresh  urine  which  was  acid  in  reaction  was  made  slightly 
alkaline  by  adding  sodium  carbonate  and  then  evaporated  to 
about  one-eighth  of  its  volume.  The  residue  was  acidified  with 
sulfuric  acid,  distilled  with  steam,  the  distillate  extracted  with 
ether,  and  the  ethereal  solution  shaken  repeatedly  with  20  per 
cent  sodium  hydroxide  and  then  with  dilute  sulfuric  acid.     In 
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all  111  liters  of  urine  were  evaporated  and  distilled.  A  small 
amount  of  yellow  colored  oil  remained  on  evaporating  the  ether. 
The  oil  possessed  a  strong  and  persistent  odor  of  human  urine 
and  it  reacted  slightly  with  concentrated  nitric  acid.  In  order 
to  remove  phenols  completely  the  oil  was  shaken  for  some  time 
with  20  per  cent  sodium  hydroxide  and  distilled  from  the  alkaline 
solution  with  steam.  The  distillate  was  extracted  with  ether, 
the  latter  dried  with  sodium  sulfate,  filtered  and  evaporated, 
and  the  residue  distilled  in  vacuum  when  about  0.15  gm.  of  a 
light  yellow  oil  was  obtained.     It  did  not  contain  nitrogen. 

This  oil  had  an  agreeable  terpene-like  odor,  the  odor  of  urine 
of  the  original  crude  oil  having  been  lost  in  the  treatment  with 
sodium  hydroxide.  In  other  respects  it  gave  exactly  the  same 
reactions  as  described  for  the  oil  isolated  from  horse  urine  and 
it  had  practically  the  same  composition. 

# 

0.1005  gm.  of  substance  gave  0.0909  gm.  H,0  and  0.2777  gm.  COs. 

Found:  C  =  75.36;  H  =  10.12  per  cent. 

This  substance  differs  in  composition  from  the  "Urinod"  of 
Dehn  and  Hartman*  by  containing  about  2  per  cent  more  hydro- 
gen. It  also  differs  from  the  above  product  by  giving  no  reaction 
with  concentrated  nitric  acid.  The  violent  reaction  produced 
when  "Urinod"  was  treated  with  concentrated  nitric  acid  was 
undoubtedly  due  to  the  presence  of  phenols. 

Unfortunately  the  quantity  of  neutral  oil  obtained  from  horse 
urine  and  from  human  urine  was  too  small  to  permit  of  a  more 
extensive  investigation.  Of  all  the  urines  examined  that  from 
human  beings  contained  the  smallest  percentage  of  neutral  oil. 
Stadeler1  also  reported  that  the  amount  of  oil  obtained  from  hu- 
man urine  was  very  slight. 

As  a  result  of  our  investigation  of  the  neutral  alkali-insoluble 
oils  obtainable  from  the  urine  of  different  animals  we  have  found 
only  two  different  kinds  of  oil  as  far  as  composition  is  concerned, 
as  is  shown  in  the  resume  below. 
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Composition : 

C  H 

Cow  urine 78.25  10.84 

78.90  11.12 

78.30  10.46 

79.15  10.49 


Corresponding  to  the  formula : 

CioHnO 
Calculated:  C  =  78.94;  H  -  10.52 


Goaturine 78.24    11.17 

78.68    11.31 

Cow  urine 74. 77    10 . 61  Corresponding  to  the  formula : 

Horse  urine 74.86    10.98  CrHuO 

Human  urine 75.36    10.12       Calculated:  C  =  75.00;  H  =  10.71. 

In  conclusion  we  venture  to  express  the  opinion  that  the  kind 
of  neutral  alkali-insoluble  oils  excreted  in  the  urine  of  different 
animals  will  be  found  to  a  large  extent  to  depend  upon  the  nature 
of  the  terpene-like  bodies  contained  in  the  food  and  for  this 
reason  the  nature  of  the  oil  will  vary  in  accordance  with  the 
season  and  the  available  food  supply. 


THE  LIPOIDS  ("FAT")  OF  THE  BLOOD  IN  DIABETES. 

By  W.  R.  BLOOR. 

With  the  Cooperation  of  E.  P.  Joslin  and  A.  A.  Hornor. 

(From  the  Laboratories  of  Biological  Chemistry  of  the  Harvard  Medical  School, 

Boston.) 

(Received  for  publication,  July  21,  1916.) 

Piabetes  has  been  almost  universally  regarded  as  primarily 
a  disturbance  of  the  carbohydrate  metabolism.  The  abnormali- 
ties in  fat  metabolism  which  accompany  it  and  sometimes  pre- 
cede the  characteristic  symptom — the  glycosuria — are  accepted 
by  most  as  being  secondary  to  the  disorder  of  the  carbohydrate 
metabolism.  Thus  the  acidosis  produced  by  the  unburned  residues 
of  the  fatty  acids  is  explained  as  the  result  of  the  lack  of  available 
carbohydrates — "the  fats  can  burn  only  in  the  fire  of  the  car- 
bohydrates." The  obesity  which  precedes  the  glycosuria  in  a 
considerable  proportion  of  the  cases  (15  to  45  per  cent),1  is  ex- 
plained as  the  result  of  fat  formation  from  carbohydrate  which 
the  organism  can  no  longer  burn.  There  are,  however,  some 
dissenters  who  claim  a  "lipogenetic"  origin  of  diabetes,2  basing 
their  claim  on  the  frequent  occurrence  of  obesity  preceding 
diabetes  and  the  occasional  clinical  observation  that  the  rapid 
laying  on  of  fat  is  accompanied  by  glycosuria  which  disappears 
when  the  fattening  process  is  stopped.  But  whatever  opinion 
may  be  held  regarding  the  origin  of  diabetes  all  are  agreed  that 
in  severe  diabetes  the  ability  of  the  organism  to  utilize  fat  may 
be  markedly  affected.  The  earliest  observation  definitely  con- 
necting a  disordered  fat  metabolism  with  diabetes  was  that  of 
lipemia — milkiness  of  the  blood  and  particularly  the  serum,  made 
at  the  time  when  bleeding  was  a  common  practice.  Severe 
diabetes  was  practically  the  only  disease  in  which  lipemia  was 
common  enough  to  be  regarded  as  of  diagnostic  significance. 
The  milky  appearance  of  the  serum  and  the  "cream"  which 

1  Von  Noorden,  C,  Die  Zuckerkrankheit  und  ihre  Behandlung,  Berlin, 
5th  edition,  1910. 

*  Kisch,  E.  H.,  Munch,  med.  Woch.,  1911,  lviii,  677. 
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arose  from  it  on  standing  indicated  that  the  substance  producing 
the  cloudiness  was  "fat,"  which  was  confirmed  by  extraction  and 
examination.  When  the  practice  of  bleeding  fell  into  disuse 
nothing  more  was  learned  regarding  the  nature  of  this  "fat" 
until  nearly  a  hundred  years  later  when  Fischer3  found  that  the 
quantity  of  cholesterol  in  diabetic  blood  was  abnormally  high 
and  a  few  years  later  Klemperer  and  Umber  confirmed  this 
finding  and  made  the  same  observation  with  regard  to  "lecithin."4 
In  the  considerable  number  of  examinations  made  of  the  blood 
lipoids  in  diabetes  during  recent  years  there  has  been  little  uni- 
formity in  results.5  In  some  cases  diabetic  coma  was  found  to 
be  accompanied  by  a  marked  lipemia  in  which  the  increase  in 
fat  was  accompanied  by  increases  in  "lecithin"  and  cholesterol; 
in  others  the  lipemia  was  found  to  be  due  to  fat  alone.  Again, 
coma  and  death  have  been  reported  without  any  marked  change 
in  the  blood  lipoids.  The  lack  of  concordance  in  results  may  be 
explained  in  part  by  the  different  and  often  inadequate  methods 
of  analysis  employed.  Also  the  nutritive  condition  of  the  patient 
was  rarely  taken  into  account,  so  that  the  lipemia  may  have  been 
merely  alimentary.  Another  fact  which  doubtless  influenced 
the  results  was  postmortem  changes  in  the  blood.  The  samples 
were  taken  in  many  cases  after  death,  from  the  body  cavities 
where  the  blood  had  stood  for  an  indefinite  time  so  that  not  only 
had  degenerative  changes  taken  place  but  also  there  was  sepa- 
ration of  the  lipoids,  and  an  accurate  sample  was  not  obtained. 
Even  when  the  blood  had  been  drawn  from  the  living  body  it 
was  allowed  to  stand  for  some  time  after  removal  (in  one  series 
of  samples,  24  hours  at  body  temperature). 

Various  explanations  have  been  offered  for  the  lipemia  in  dia- 
betes. The  occurrence  of  increased  amounts  of  "lecithin"  and 
cholesterol  (cytolipoids)  led  to  the  belief  that  the  increase  was 
due  to  degeneration  of  tissue  cells,  setting  free  their  lipoids,  but 
analyses  of  various  tissues6  have  shown  that  the  lipoid  content 
of  the  tissues  in  diabetes  is  not  abnormal.  Increased  mobili- 
zation of  stored  fat  as  the  result  of  the  partial  starvation  has  also 
been  offered  as  an  explanation  but  here  again  the  evidence  does 

8  Fischer,  B.,  Arch.  path.  Anat.,  1903,  clxxii,  30. 

4  Klemperer,  G.,  and  Umber,  H.,  Z.  klin.  Med.,  1907,  lxi,  145. 

5  Bloor,  W.  R.,  ./.  Biol.  Chem.,  1916,  xxv,  577. 

1  Klemperer  and  Umber,  Z.  klin.  Med.,  190S,  lxv,  340. 
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not  bear  out  the  assumption.  In  the  first  place  the  stored  fat 
contains  only  traces  of  "lecithin"  and  cholesterol,  and  in  the 
second  place  diabetics  are  generally  thin  and  have  very  little 
stored  fat;  also  even  complete  starvation  does  not  necessarily 
mean  increased  blood  fat.7  A  third  explanation  was  that  the 
increase  was  due  merely  to  accumulation  of  food  fat  which  the 
organism  was  no  longer  able  to  burn,  and  in  the  light  of  the 
knowledge  that  in  diabetes  the  fat-burning  mechanism  is  probably 
deranged,  and  of  the  recent  discovery  that  "lecithin"  and  probably 
cholesterol  (as  ester)  are  steps  in  normal  fat  metabolism,6  this 
seems  to  be  the  most  reasonable  explanation. 

In  view  of  the  lack  of  definite  information  regarding  the  lipoids 
of  the  blood  in  as  familiar  a  disease  as  diabetes  a  study  of  this 
phase  of  the  subject  seemed  very  desirable  both  from  the  point 
of  view  of  a  better  understanding  of  the  disease  and  a  consequently 
more  rational  treatment,  and  also  for  obtaining  an  insight  into  fat 
metabolism  in  a  condition  which  appears  to  be  a  natural  experi- 
ment in  this  little  known  field. 

For  the  investigation  we  were  particularly  fortunate  in  having 
available  for  study  a  group  of  patients  in  various  stages  of  the 
disease  all  living  in  one  house,  under  the  care  of  a  single  physician 
and  in  charge  of  a  single  nurse  who  has  had  much  experience 
in  taking  care  of  this  class  of  patient.  When  it  is  added  that  we 
enjoyed  throughout  the  intelligent  cooperation  of  the  patients 
themselves,  it  may  be  seen  that  the  work  was  done  with  a  control 
of  conditions,  dietary  and  otherwise,  not  often  attained  in  investi- 
gations of  this  kind.8 

The  treatment  given  these  patients  has  been  reported  recently9 
and  therefore  need  not  be  given  here.  It  consisted  essentially 
of  fasting  till  sugar-free  and  then  building  up  a  tolerance  for 
carbohydrate  and  protein.  A  notable  feature  in  the  treatment 
was  that  considerable  attention  was  given  to  the  fat  of  the  diet. 
In  severe,  longstanding,  and  complicated  cases  the  fast  was  not 
begun  at  once  but  only  after  the  patients  were  given  a  prelimi- 
nary treatment  which  consisted  in  first  removing  the  fat  from  the 

7  Bloor,  /.  Biol.  Chem.,  1914,  xix,  1. 

8  The  respiratory  metabolism  of  nearly  all  these  patients  was  being 
studied  at  the  time  the  blood  samples  were  taken  and  a  full  report  of  the 
results  will  appear  in  a  publication  of  the  Carnegie  Institution. 

9  Joslin,  E.  P.,  Am.  J.  Med.  Sc,  1915,  cl,  485. 
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diet  without  otherwise  changing  conditions,  then  after  2  days 
omitting  protein  and  halving  the  carbohydrate  daily  down  to 
10  gm.  Fasting  was  then  begun  and  carried  out  as  usual.  Fat 
was  not  added  again  to  the  diet  until  a  considerable  protein 
tolerance  had  been  established.  For  reasons  which  will  appear 
in  the  discussion,  this  modification  of  the  fasting  treatment  is 
believed  to  be  an  important  innovation. 

The  methods  of  analysis  used  were  the  same  as  those  used  in 
the  earlier  work  on  blood  "fat"  and  need  not  be  given  in  detail 
at  this  time. 

In  determining  "lecithin"  the  strychnine  molybdate  precipi- 
tation was  used  with  Kober's  strychnine  molybdate  reagent.10 
This  precipitation  has  been  found  satisfactory.  15  cc.  of  the 
alcohol-ether  blood  extract  were  used  for  the  determination  in 
all  but  the  severe  diabetics  where  10  cc.  were  sufficient.  For 
the  determination  of  cholesterol,  5  cc.  of  the  extract  were  generally 
sufficient,  although  in  the  mild  diabetics  10  cc.  were  required, 
in  the  severe  ones  3  cc,  and  occasionally  1  cc.  (lipemia)  was  the 
suitable  amount.  For  "total  fat"  10  cc.  of  the  blood  extract 
were  generally  used,  although  in  some  of  the  severe  cases  where 
the  lipoids  were  high  5cc.  were  used,  and  in  the  severe  lipemia  1  cc. 
was  used.  The  attempt  was  made  throughout  to  use  quantities 
of  material  in  value  not  far  from  the  standard  so  as  to  avoid 
making  corrections.  The  blood  samples  were  all  taken  before 
breakfast  and  were  brought  at  once  by  special  messenger  to  the 
laboratory  where  they  were  worked  up  promptly — in  the  great 
majority  of  cases  within  a  half  hour  after  drawing  from  the  vein — 
thus  avoiding  postmortem  changes. 

The  data  regarding  the  patients  which  have  a  bearing  on  the 
reported  results  are  as  follows: 

Men. 

68  L-560. — Age  72  years,  weight  154  pounds.  Mild  diabetic  of  8  years' 
standing.  Not  fasted  but  diet  cut  down;  at  present  getting  314  calories 
as  carbohydrate  10  gm.,  protein  19  gm.,  fat  22  gm.  Urine,  sugar-  and  acid- 
free.     Blood  sugar  0.13  per  cent. 

71  S-998. — Age  72  years,  weight  131  pounds.  Mild.  Diet,  carbohydrate 
15  gm.,  protein  20  gm.,  fat  0.  Urine,  sugar-  and  acid-free;  blood  sugar 
0.21  per  cent. 

106  M-1026.—\gv  22  years,  weight  222  pounds.    Duration  6  weeks. 

10  Kober,  P.  A.,  and  Egerer,  G.,  J.  Am.  Chem.  Soc.,  1915,  xxxvii,  2373. 
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Mild  diabetes.  Very  fat.  Urine,  sugar  0.  diacetic  acid  reaction  +•  Blood 
sugar  0.20  per  cent.  Diet,  carbohydrate  10  gm.,  protein  5  gm.,  fat  0;  60 
calories. 

107  Gr-1028. — Age  30  years,  weight  123  pounds.  Duration  1  year, 
mild.  Urine,  sugar-  and  acid-free.  Blood  sugar  0.25  per  cent.  Diet, 
carbohydrate  10  gm.,  protein  25  gm.,  fat  0,  alcohol  15  gm. ;   245  calories. 

102  St-914> — Mild.  Urine,  sugar-  and  acid-free.  Not  under  treatment 
or  on  a  diet.    Blood  plasma  somewhat  cloudy  (lipemia?). 

80  P-1008. — Age  55  years,  weight  113  pounds.  Duration  14  years. 
Urine,  sugar  5.4  per  cent  (102  gm.);  diacetic  acid  0.  Blood  sugar  0.35 
per  cent.    Diet,  carbohydrate  75  gm.,  protein  13  gm.,  fat  2  gm. ;  370  calories. 

74  Pa — 6S2. — Age  33  years,  weight  131  pounds.  Duration  4  years. 
Onset  acute  on  changing  from  active  to  sedentary  life. 

Sample  I. — Urine,  sugar-  and  acid-free.  Blood  sugar  0.24  per  cent. 
Diet,  carbohydrate  27  gm.,  protein  71  gm.,  fat  117  gm.,  alcohol  9  gm.; 
1,508  calories. 

Sample  II.  (98  Pa). — Urine,  sugar-  and  acid-free.  Blood  sugar  0.17  ' 
per  cent.  Diet,  carbohydrate  10  gm.,  protein  29  gm.,  fat  15  gm.,  alcohol . 
18  gm. ;  417  calories. 

Sample  HI.  (105  Pa). — Urine,  sugar-  and  acid-free;  blood  sugar  p.  19 
per  cent.    Fasting. 

4ST-966. — Age  39  years,  weight  114  pounds.    Duration  6  months. 

Sample  I. — Taken  before  the  fasting  period.    Preliminary  treatment, 
gradual  reduction  of  carbohydrate.    Diet,  carbohydrate  13  gm.,  protein 
3  gm.,  fat  0;  64  calories.    Urine,  sugar  1.2  per  cent  (27  gm.).    Diacetic' 
acid  4  +. 

Sample  II.  (44T). — 2nd  day  of  fast.  Urine,  sugar  2  per  cent.  Di* 
acetic  acid  reaction  3  +. 

Sample  III.  (66T). — 1  days  after  leaving  hospital.  Urine,  sugar-  and 
acid-free. 

62  Tr-974. — Age  13  years,  weight  70  pounds.  Duration  6  weeks.  1st 
day  of  fasting.  Sugar  had  appeared  in  the  urine  the  day  before  but  for 
5  days  previously  had  been  sugar-  and  acid-free.  On  this  day  the  urine 
was  sugar-  and  acid-free.     Blood  sugar  0.19  per  cent. 

69D-821. — Age  25  years,  weight  112  pounds.  Duration  2  years.  Urine, 
sugar  51  gm.  Diacetic  acid  reaction  3  -K  Diet,  carbohydrate  20  gm.,  pro- 
tein 5  gm.,  fat  0;  100  calories.     Blood  sugar  day  before  0.34  per  cent. 

6SG-98B. — Age  22  years,  weight  141  pounds.  Duration  2  years.  Urine, 
sugar-  and  acid-free.  Diet,  carbohydrate  69  gm.,  protein  90  gm.,  fat  143 
gm.;  1,923  calories. 

110C-W29. — Age  37  years,  weight  112  pounds.  Duration  4  years. 
Urine,  sugar-  and  acid-free.  Blood  sugar  0.26  per  cent.  Diet,  carbohydrate 
10  gm.,  protein  90  gm.,  fat  67  gm.;  1,123  calories. 

51K-969. — Age  48  years,  weight  115  pounds.  Duration  6  years.  Urine, 
3Ugar-  and  acid-free.  Blood  sugar  0.21  per  cent.  Diet,  carbohydrate 
22  gm.,  protein  56  gm.,  fat  96  gm.;  1,176  calories.  During  the  preceding 
2  weeks  the  carbohydrate  tolerance  had  been  built  up  from  0. 

JfiMc-951. — Age  33  years,  weight  112  pounds.    Duration  4  years.    Urine, 
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sugar-  and  acid-free.     Diet,  carbohydrate  0,  protein  55  gm.,  fat  62  gm., 
alcohol  9  gm. ;  841  calories.    On  this  diet  for  2  weeks. 

48  Ca-810. — Age  28  years,  weight  92  pounds.  Duration  14  months. 
Urine,  sugar-  and  acid-free.    Fasting  between  days  of  666  and  728  calories. 

46  Cl-786. — Age  40  years,  weight  116  pounds.  Duration  2}  years. 
Urine,  sugar-  and  acid-free  for  the  first  time  this  day.  Diet,  carbohydrate 
0,  protein  28  gm.,  fat  16  gm.;  256  calories.  On  leaving  the  hospital  this 
patient  broke  diet,  eating,  among  other  things,  much  cream,  and  returned 
to  the  hospital  in  a  dangerous  condition.  His  blood  plasma,  which  under 
treatment  had  remained  clear,  was  now  like  thick  cream  in  appearance. 
The  analysis  of  this  blood  is  reported  with  the  Hpemias  (124  CI).  At  the 
time  this  last  sample  was  taken  he  had  fasted  14  hours  and  had  had  no  fat 
for  36  hours. 

Women: 

47  D-970. — Age  59  years,   weight  197  pounds.    Duration  1J  months 
Urine,  sugar-  and  acid-free.     Blood  sugar  0.16  per  cent.    Fasted  1  day  a 
week  ago,  since  then  building  up  carbohydrate  tolerance.   Diet,  carbohy- 
drate 25  gm.,  protein  60  gm.,  fat  27  gm;  583  calories. 

78  A-1004. — Age  45  years.  Duration  5  months.  Sample  taken  at  begin- 
ning of  coma.  Died  2nd  day  after,  in  coma.  Urine,  sugar-  and  acid- 
positive.     Blood  sugar  0.41  per  cent. 

81  T-1007. — Age  56  years,  weight  110  pounds.  Duration  16  years. 
Blood  sugar  0.13  per  cent.  Urine  had  been  sugar-  and  acid-free  for  3  days. 
Diet,  carbohydrate  40  gm.,  protein  44  gm.,  fat  28  gm. ;  588  calories. 

64  N-979. — Age  50  years,  weight  126  pounds.  Duration  17  years. 
Urine,  sugar-  and  acid-free.  This  sample  was  taken  after  treatment 
to  remove  sugar  from  the  urine.  Diet,  carbohydrate  25  gm.,  protein 
28  gm.,  fat  11  gm.;  311  calories. 

108  M-1026. — Age  21  years,  weight  118  pounds.  Duration  1  year. 
Urine,  sugar  +  and  diacetic  acid  reaction  3  +.  Blood  sugar  0.28  per  cent. 
Fasting  2nd  day. 

49  C-610. — Age  55  years.  Duration  4J  years.  Urine,  sugar-  and  acid- 
free.  Blood  sugar  0.26  per  cent.  Hard  to  keep  urine  sugar-free.  Diet, 
carbohydrate  1  gm.,  protein  76  gm.,  fat  126  gm.;  1,442  calories. 

46  J-486. — Age  28  years.  Duration  7  years.  Pregnant  (6  months). 
Urine,  sugar-  and  acid-free.  Blood  sugar  0.20  per  cent.  Previously 
classed  as  a  severe  diabetic  but  the  symptoms  were  relieved  by  the 
pregnancy. 

85  O-1005. — Age  35,  weight  74  pounds.  Duration  6J  years.  Urine, 
sugar  6  gm.  Diacetic  acid  reaction  3  +.  Blood  sugar  0.33  per  cent. 
7th  day  in  hospital  during  which  time  the  carbohydrate  was  being  cut  down. 
Next  day  the  urine  was  sugar-free.  Diet,  carbohydrate  13  gm.,  protein  4 
gm.,  fat  0;  68  calories. 

Sample  II.  (97  0). — 2  weeks  later.     Urine,  sugar-  and  acid-free.    Some 
edema.    The  carbohydrate  had  been  cut  down  to  0,  then  raised  to  the  pres 
ent  14  gm. 
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79  G-996. — Age  63  years,  weight  98  pounds.  Duration  1  year,  2  months. 
Urine,  acid-free  but  contains  some  sugar.  Blood  sugar  0.40  per  cent. 
Diet,  carbohydrate  10  gm.,  protein  47  gm.,  fat  33  gm. ;  525  calories. 

62  Jhr-765. — Age  22  years,  weight  88  pounds.    Duration  1  year,  9  months. 

61  Jh-766. — Age  22  years,  weight  88  pounds.    Duration  1  year,  9  months. 

70  Jhr-765. — Age  22  years,  weight  88  pounds.    Duration  1  year,  9  months. 

Sample  I. — Just  entering  hospital.  Urine,  sugar  67  gm.  Diacetic 
acid  reaction  3  +. 

Sample  II.  (61  Jh). — Urine  contained  23  gm.  sugar  and  gave  a  2  + 
diacetic  acid  reaction.  Diet,  carbohydrate  0,  protein  40  gm.,  fat  25  gm.; 
385  calorics.    Blood  sugar  0.20  per  cent. 

Sample  HI.  (70  Jh). — Urine,  sugar-  and  acid-free.  Fasting.  Blood 
sugar  0.26  per  cent. 

60  B-988. — Age  55  years,  weight  197  pounds.  Duration  6  weeks.  Shortly 
after  entering  hospital.  Diet  being  gradually  reduced.  Present  diet, 
carbohydrate  55  gm.,  protein  26  gm.,  fat  10  gm.;  414  calories.  Urine,  sugar 
4  per  cent;  diacetic  acid  reaction  2  4-.    Blood  sugar  0.33  per  cent. 

96  H-1011. — Age  27  years,  weight  84  pounds.  Duration  2  years.  Urine, 
sugar  2.9  gm.  Diacetic  acid  reaction  2  +.  Blood  sugar  0.23  per  cent. 
Diet,  carbohydrate  5  gm.,  protein  8  gm.,  fat  0;  52  calorics. 

Lipemias. 

128  Co. — Just  entering  hospital.  Age  30  years,  weight  121  pounds. 
Duration  1  year.  Urine,  sugar  4.1  per  cent  (118  gm.).  Diacetic  acid 
reaction  2  +.    Blood  sugar  0.25  per  cent. 

124  Cl-786. — This  is  the  same  patient  as  42  CI,  and  the  details  regarding 
him  are  given  under  that  heading. 

The  results  of  the  analyses  are  given  in  the  following  table. 

In  the  table,  the  value  * 'total  fatty  acids"  is  obtained  by  subtracting  the 
value  for  cholesterol  from  that  of  "total  fat"  as  determined.  The  value 
"fat"  represents  what  is  believed  to  be  ordinary  fats  and  includes  all  the 
fatty  acids  except  those  combined  as  "lecithin"  or  as  cholesterol  esters. 
The  value  "total  lipoids"  (total  ether-soluble  in  earlier  papers)  is  obtained 
by  adding  together  the  values  for  lecithin,  cholesterol  and  its  esters,  and  fat. 
The  values  given  for  the  corpuscles  are  calculated  from  corresponding 
values  of  whole  blood  and  plasma,  taking  into  account  the  percentage  of 
corpuscles.  In  these  calculations  it  is  assumed  that  (1)  the  "lecithin" 
is  oleo-stearyl  lecithin,  (2)  the  cholesterol  in  the  corpuscles  is  free,  and 
(3)  two-thirds  of  the  cholesterol  of  the  plasma  is  there  in  combination 
with  the  fatty  acids  (as  cholesterol  esters). 

The  cases  are  arranged  in  the  table  approximately  in  the  order  of  their 
clinical  severity,  the  mild  ones  at  the  beginning  and  the  severe  ones  at  the 
end.  Because  of  differences  in  the  normal  lipoid  values  for  men  and  women 
separate  groups  are  made  and  with  each  group  is  given  the  normal  values, — 
average,  high,  and  low  as  previously  determined.6 
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DISCUSSION. 

General. — In  the  severe  diabetics  the  blood  lipoids  were  all 
markedly  increased — up  to  100  per  cent  or  more  of  the  normal 
values.  In  the  mild  cases  there  may  be  no  increase  and  in  some 
even  a  decrease.  On  the  other  hand  a  clinically  mild  case  may 
show  considerable  abnormality,  due  probably  to  diet,  as  in  102  St. 
This  person  was  riot  under  treatment  and  the  only  restriction 
on  his  diet  was  that  he  should  keep  his  urine  free  from  sugar. 
Between  the  mild  and  the  severe  cases  were  all  degrees  of  gra- 
dation in  the  blood  lipoids,  but  in  general  the  more  severe  or  long 
standing  the  diabetic  condition  the  more  marked  was  the  ab- 
normality in  the  blood  lipoids. 

No  lipemia  (cloudiness  ormilkiness  of  the  plasma)  was  observed 
in  the  thirty-six  patients  under  treatment  although  many  of 
them  were  clinically  severe.  Lipemia  was  found  present  in  two 
persons  not  under  treatment,  one  of  these  was  just  entering  the 
hospital  for  treatment,  the  other  a  patient  who  after  discharge 
had  broken  diet  and  returned  in  a  dangerous  condition. 

Next  in  importance  perhaps  to  the  absolute  increase  of  the 

blood  lipoids  was  the  fact  that  the  relations  between  the  lipoids 

were  practically  the  same  as  in  normal  individuals.     A  certain 

tendency  may,  however,  be  noted  which  is  significant  in  view  of 

the  conditions  in  lipemia.     That  is  the  tendency  of  the  "total 

fatty  acids"  to  increase  out  of  proportion  to  the  other  constitu- 

total  fattv  acids 

ents  as  shown  by  the  values  for  the  relation - — — ^ 

lecithin 

in  the  plasma,  which  are  almost  always  at  the  upper  limit  of  normal 

variation  and  frequently  above  it  (especially  in  men)  and  also 

the  tendency  for  the  value  "fat"  in  the  plasma  to  be  abnormally 

high  (again  most  noticeable  in  men) — both  of  which  indicate  a 

tendency  for  fat  to  accumulate  in  the  blood. 

In  diabetic  lipemia  the  greatest  increase  was  in  the  fat,  and  the 

milkiness  of  the  plasma  is  due  mainly  if  not  entirely  to  finely 

suspended  fat,  as  indeed  has  always  been  believed.     What  has 

not  been  previously  appreciated  is  that  the  cholesterol  increases 

almost  parallel  to  the  fat;  in  the  severest  lipemia  noted  above 

(124  CI)  it  reached  over  1.5  gm.  per  100  cc.  of  plasma.     On  the 

other  hand  values  for  "lecithin"  were  not  greatly  increased  in 
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lipemiaas  shown  by  the  lecithin  values  in  this  patient  as  compared 
with  those  without  lipemia  (42  CI). 

The  increases  of  the  blood  lipoids  in  severe  diabetes  without 
lipemia  and  as  far  as  can  be  determined  in  diabetic  lipemia  (the 
calculated  values  here  are  less  reliable  because  of  the  large 
amounts  involved)  occur  only  in  the  plasma,  the  composition  of 
the  corpuscles  remaining  practically  constant.  The  same  has 
been  fo\ind  true  for  other  pathological  conditions.5  These  results 
are  in  marked  contrast  to  those  found  in  alimentary  lipemia.11 
Here  the  "total  fatty  acids"  were  increased  in  both  plasma  and 
corpuscles,  the  increase  being  rather  more  marked  in  the  corpus- 
cles. "Lecithin"  was  increased  parallel  with  the  "total  fatty 
acids"  but  in  the  corpuscles  alone.  Cholesterol  was  not  found 
to  change  notably.  The  parallelism  between  "total  fatty  acids" 
and  "lecithin"  in  alimentary  lipemia  was  taken  as  evidence  that 
"lecithin"  is  a  step  in  fat  metabolism  and  that  its  formation 
takes  place  in  the  corpuscles.  The  constancy  of  the  cholesterol 
values  was  believed  to  indicate  that  it  had  no  part  in  the  earlier 
stages  of  the  process.  The  condition  of  the  lipoids  in  severe 
diabetes  may  therefore  probably  be  regarded  as  a  later  stage  in 
fat  metabolism  than  the  above.  In  this  stage  the  corpuscles 
appear  to  have  no  part  since  their  composition  remains  constant 
and  normal.  "Lecithin"  continues  to  be  an  important  factor 
since  it  changes  parallel  with  the  total  fatty  acids  in  all  cases  but 
the  lipemia.  The  most  marked  feature  of  these  later  stages  is, 
however,  the  cholesterol  which  increases  parallel  with  the  total 
fatty  acids  even  in  lipemia.  These  results  give  strong  support  to 
the  assumption  made  in  a  previous  paper5  that  cholesterol  takes 
a  part  and  probably  an  important  part  in  fat  metabolism.  Be- 
cause of  the  constancy  of  the  relation  of  cholesterol  to  the  other 
lipoids  in  the  plasma,  the  determination  of  cholesterol  should 
give  valuable  information  regarding  the  lipoid  content  of  the  blood 
in  diabetes. 

The  blood  corpuscle  percentage  of  the  whole  blood  is  normal 
in  all  but  the  severest  lipemia. 

No  definite  relation  could  be  discovered  in  the  present  work 
between  high  blood  lipoids  and  the  presence  of  acetone  bodies 

11  Bloor,  J.  Biol.  Chem.,  1916,  xxiv,  447. 
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in  the  urine.  Thus  63  G  with  very  high  blood  lipoids  had  no 
diacetic  acid  in  the  urine,  while  43  T  with  blood  lipoids  not  ab- 
normally high  had  a  strong  diacetic  acid  reaction  (4  +)  in  his 
urine.  Even .  coma  and  death  may  take  place  (78  A)  without 
marked  change  in  the  blood  lipoids. 

Three  members  of  this  series  were  fat  (106  M,  weight  222 
pounds;  47  D,  weight  197  pounds;  and  60  B,  weight  197  pounds). 
In  all  the  onset  had  been  recent,  less  than  2  months.  The  first 
two  were  mild,  the  third  severe. 

One  member  of  the  series  (46  J),  previously  a  severe  diabetic, 
was  pregnant  at  this  time  and  as  is  frequently  the  case  her  symp- 
toms were  mild  and  her  blood  lipoids  were  normal. 

Lipemia. — The  presence  of  lipemia  in  severe  diabetes  is 
reported  so  often  in  the  literature  that  it  might  almost  be  re- 
garded as  a  symptom  of  the  severe  type  of  the  disease.  It  is 
therefore  remarkable  that  in  the  series  of  thirty-six  cases  re- 
ported above  none  of  the  patients  under  treatment  showed  any 
lipemia,  although  many  of  them  were  severe.  Since  the  treat- 
ment consists  of  partial  or  complete  fasting,  the  theory  that  the 
excessive  blood  lipoids  in  lipemia  originate  from  the  mobilization 
of  stored  fat  as  the  result  of  the  stimulus  of  inanition  or  that 
they  come  from  the  breakdown  of  tissue  cells,  appears  quite 
improbable  since  under  the  above  conditions  of  treatment  fat 
mobilization  or  tissue  breakdown  would  be  most  marked.  On 
the  other  hand,  the  two  cases  in  which  there  was  lipemia  were  not 
under  treatment  at  the  time  and  were  on  an  unrestricted  diet. 
The  one  with  the  sevciest  lipemia  was  a  former  patient  who, 
while  in  the  hospital,  had  been  free  from  lipemia  although  his 
blood  lipoids  were  high  (42  CI).  On  leaving  the  hospital  he 
had  broken  diet,  eating  among  other  things  large  quantities  of  fat 
(cream).  The  other  had  been  on  an  unrestricted  diet  and  at  this 
time  was  just  entering  fhe  hospital  for  treatment.  In  both  the 
lipemia  disappeared  when  they  were  put  on  a  fat-free  diet.  The 
origin  of  the  lipemia,  in  these  cases  at  least,  appears  to  be  the 
fat  of  the  diet,  and  a  consideration  of  the  attendant  conditions 
indicates  that  a  similar  explanation  would  account  for  many 
of  the  reported  instances  of  lipemia  in  the  past.  The  dietary 
treatment  of  diabetes  up  to  very  recently  has  been  to  withhold 
carbohydrate  and  make  up  the  caloric  deficiency  with  protein 
and  fat.     The  resulting  overwork  of  the  fat-burning  mechanism 
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would  be  expected  to  cause,  in  some  cases  at  least,  a  partial  failure 
of  the  mechanism  with  an  accumulation  of  fat  and  its  metab- 
olites in  the  blood.     A  contributing  factor  is  the  lack  of  avail- 
able carbohydrate  without  which  complete  burning  of  the  fatty 
acids  does  not  seem  to  be  possible.     The  high  lipoid  values  where 
there  is  no  lipemia  may  probably  be  regarded  as  an  earlier  mani- 
festation of  the  same  partial  failure  of  the  fat  metabolism.     The 
mechanism  is  still  working  in  an  approximately  normal  manner, 
since  the  relations  between  the  lipoids  are  normal,  but  the  accu- 
mulation of  the  metabolites  has  begun.     In  the  actual  lipemia 
the  mechanism  has  fallen  behind  with  its  work  and  the  raw 
materials  have  accumulated  until  they  can  no  longer  be  carried 
in  solution  in  the  plasma.     That  even  at  this  time  all  parts  of 
the  mechanism  have  not  failed  is  evident  from  the  increase  of 
cholesterol,  which  keeps  pace  with  the  fat.     That  part  of  the 
process,  however,  which  has  to  do  with  the  formation  of  lecithin 
from  fat  has  apparently  failed  and  it  is  possible  that  this  failure 
may  be  the  underlying  cause  of  the  lipemia.     Under  former 
conditions  of  treatment  the  chances  of  recovery  of  a  diabetic  with 
lipemia  were  generally  regarded  as  poor,  as  might  be  expected 
if  the  above  explanation  of  the  cause  of  lipemia  were  true,  since 
the  continued  diet  of  fat  involved  the  overloading  of  an  already 
failing  mechanism.     In  the  two  cases  reported  in  this  paper  the 
lipemia  cleared  up  on  a  fat-free*  diet,  so  that  even  a  severe  lipemia 
apparently  need  not  be  serious  if  the  fat  of  the  diet  be  controlled. 
The  importance  of  the  modification  of  the  treatment  to  include 
control  of  the  fat  of  the  diet  is  obvious.     Occasionally  lipemia 
has  been  reported  in  diabetes  where  the  blood  lipoids  were  not 
sufficiently  above  normal  to  warrant  it.     As  throwing  light  on 
this  peculiarity  the  observation  was  made  several  times  in  the 
course  of  this  work  that  a  clear  diabetic  plasma  would  become 
milky  on  standing  at  room  temperature  for  24  hours.     Bacterial 
action  cannot  be  excluded  but  since  no  such  change  was  found  to 
occur  in  normal  plasma  or  in  the  plasma  in  other  pathological 
conditions,  the  appearance  of  the  milkiness  is  believed  to  be  due 
to  an  inherent  peculiarity  of    diabetic  blood — probably   some 
unstable  combination  which  is  broken  up  on  standing.     Since 
many  of  the  examinations  on  diabetic  blood  reported  in  the  liter- 
ature were  made  on  samples  which  had  stood  24  hours  or  longer, 
the  development  of  the  lipemia  post  mortem  was  not  unlikely. 
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SUMMARY. 

In  severe  diabetes  the  blood  lipoids  were  all  markedly  increased, 
up  to  100  per  cent  or  more  of  the  normal  values.  In  mild  diabetes 
the  lipoids  may  be  normal.  In  general  the  more  severe  or  long 
standing  the  diabetic  condition  the  more  marked  was  the  ab- 
normality in  the  blood  lipoids. 

In  spite  of  the  high  values  the  relations  between  the  lipoids 
were  practically  those  of  normal  individuals,  indicating  that  the 
fat  metabolism  was  essentially  normal.  There  was  a  tendency, 
however,  for  the  fat  to  accumulate  in  excess  of  the  other  con- 
stituents and  this  fact  and  possibly  also  the  high  lipoid  values 
foreshadow  the  lipemia. 

The  high  lipoid  values  noted  occurred  entirely  in  the  plasma, 
the  composition  of  the  corpuscles  remaining  practically  normal. 

The  fact  that  cholesterol  increased  parallel  with  the  fat  in 
diabetic  blood,  even  in  severe  lipemia  gives  further  support  to 
the  earlier  assumption  that  cholesterol  has  a  part  and  probably 
an  important  part  in  fat  metabolism.  For  the  same  reason  the 
determination  of  cholesterol  in  the  plasma  (a  relatively  simple 
process)  should  give  valuable  information  regarding  the  lipoid 
content  of  the  blood  in  diabetes. 

In  the  present  series  no  definite  relation  could  be  found  between 
high  blood  lipoids  and  the  occurrence  of  acetone  bodies  in  the 
urine. 

Lipemia. — Lipemia  was  observed  in  but  two  of  the  thirty- 
six  cases  in  this  series  and  these  were  not  under  treatment  but 
were  on  an  unrestricted  diet.  No  lipemia  was  found  in  any  of 
the  cases  under  treatment.  Evidence  is  presented  to  indicate 
that  diabetic  lipemia  originates  mainly  in  the  fat  of  the  food  and 
that  the  probable  reason  for  its  appearance  in  the  blood  is  a 
partial  failure  of  the  mechanism  for  dealing  with  fat.  Cholesterol 
increases  parallel  with  the  fat  up  to  eight  times  its  normal  value 
while  lecithin  is  relatively  little  increased.  Since  lecithin  for- 
mation has  been  found  to  be  an  early  stage  in  the  metabolism  of 
fat  it  is  possible  that  the  inability  to  form  lecithin  may  be  a  factor 
in  the  production  of  the  lipemia. 
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Plate  2. 

Recent  investigations  by  one  of  us1  demonstrated  a  dynamic 
isomerism  in  the  hydroxy  pyridines  which  has  a  most  profound 
influence  upon  the  antineuritic  properties  of  these  substances. 
This  rather  remarkable  fact  suggested  that  a  similar  isomerism 
may  exist  in  the  natural  "vitamines"  and  be  responsible  for  the 
instability  which  has  so  far  prevented  their  isolation.  With 
this  conception  in  mind,  attention  was  directed  to  the  natural 
antineuritic  substances  of  yeast,  and  results  have  been  obtained 
which  strengthen  the  conjecture  that  an  isomerism  plays  a  de- 
terminative r61e  in  the  physiological  action  of  the  natural  "  vit- 
amines' '  not  less  striking  than  in  the  hydroxy  pyridines. 

A  great  obstacle  confronting  previous  investigators  of  "vita- 
mines"  has  been  the  difficulty  of  securing  adequate  amounts  of 
sufficiently  concentrated  products  for  experimental  study.  Since 
it  had  been  shown  by  one  of  us2  that  the  antineuritic  substances 
of  autolyzed  yeast  are  completely  adsorbed  and  retained  in  a 
physiologically  active  condition  by  fullers'  earth,  we  considered 
that  this  solid  combination  of  relatively  pure  "vitamine"  and 
an  inert  inorganic  substance  would  offer  greater  advantages  for 
this  study  than  any  product  previously  available.  Its  prepa- 
ration is  extremely  simple  and  it  can  be  obtained  in  amounts 
limited  only  by  the  supply  of  yeast  at  hand.  There  is  practically 
no  loss  of  active  "vitamine"  in  the  process  of  "activating"  the 

1  Williams,  R.  R.,  J.  Biol.  Chem.,  1916,  xxv,  437. 

2  Seidell,  A.,  U.  S.  Pub.  Health  Reports,  1916,  xxxi,  364. 
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solid,  and  the  small  amount  of  other  substances  adsorbed  simul — 

taneously  with  the  "  vitamine"  do  not  appear  to  be  of  noteworthy 

consequence. 
Our  first  problem  was  to  effect  a  separation  of  the  "vitamines" 

from  the  fullers'  earth.    Since  fullers'  earth  had  previously  been 

used  for  the  isolation  of  alkaloids3  and  the  alkaloids  subsequently 

recovered  from  the  solid  combination  by  means  of  alkali,  it 
expected  that  in  the  case  of  the  "vitamine"  combination,  alka 
could  be  successfully  used.     However,  since  it  is  generally  be 


lieved  that  alkalis  have  a  destructive  effect  on  "vitamines/3 
it  was  decided  first  to  attempt  extraction  with  other  than  alkaline 
solvents.  Attention  was  therefore  turned  to  the  use  of  acidified 
aqueous  alcohol.  In  general,  the  experiments  indicated  that  the*? 
antineuritic  substances  could  be  partially  extracted  by  acid  al- 
cohol but  subsequent  manipulation  of  this  extract  was  compli- 
cated by  the  presence  of  large  amounts  of  acid  alcohol-soluble*^^  Je 
aluminium  compounds.4  These  substances  so  contaminated  fc^d 
all  antineuritic  fractions  that  no  ash-free  curative  product  could 
be  obtained  and  the  method  was  abandoned  chiefly  on  that  account. 

The  Effect  of  Alkalis  on  Vitamines. 

Some  evidence  was  early  encountered  that  the  "vitamines" 
of  autolyzed  yeast  are  not  decomposed  by  alkali  as  readily  as 
previously  supposed.  In  a  preliminary  experiment,  solid  sodium 
hydroxide  was  dissolved  in  autolyzed  yeast  filtrate  to  the  extent 
of  10  per  cent  by  weight,  the  resulting  alkaline  solution  was 
allowed  to  stand  at  room  temperature  for  5  hours  and  then  neu- 
tralized with  hydrochloric  acid.  On  administering  this  solution 
to  polyneuritic  pigeons  it  was  found  that  its  curative  properties 
apparently  had  suffered  very  little  by  the  treatment.  This 
appeared  to  contradict  past  evidence  of  the  destructive  effect 
of  alkali5  and  it  was  therefore  decided  to  conduct  more  extended 
experiments  to  settle  this  point.     In  the  case  of  autolyzed  yeast 

1  Lloyd,  J.  U.,  /.  Am.  Ptiarm.  Assn.,  1914.  iii,  625;  1916,  v,  381,  490. 

4  Moissan,  H.,  Trait 6  de  chimie  minerale,  Paris,  1905,  iv,  22. 

*  Frascr,  H.,  and  Stanton,  A.  T.,  Studies  from  hist.  Med.  Research,  Feder- 
ated Malay  States,  Singapore,  1911,  No.  12,  74;  Lancet,  1915,  i,  1021.  Cham- 
berlain, W.  P.,  Vcdder,  E.  B.,  and  Williams,  It.  R.,  Philippine  /.  Sc,  B., 
1912,  vii,  45. 
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filtrate,  Feeding  Experiments  1  and  2  (Chart  I)  show  no  noticeable 
alteration  of  physiological  activity  resulting  from  a  rather  severe 
treatment  with  alkali.  However,  fullers'  earth,  "activated"  by 
shaking  with  autolyzed  yeast,  suffered  a  certain  modification  of 
its  physiological  action  when  subjected  to  similar  treatment  (Feed- 
ing Experiments  3  to  6  inclusive,  Charts  II  and  III.)  It  was 
found  that  this  product,  though  absolutely  preventing  the  de- 
velopment of  polyneuritic  symptoms  in  birds  fed  on  an  exclusive 
diet  of  polished  rice,  failed  to  protect  them  against  loss  in  weight. 
Therefore  it  appears  that  the  complete  physiological  activity  of 
the  constituents  of  autolyzed  yeast  adsorbed  by  fullers'  earth  is  a 
combination  of  antineuritic  and  weight-maintaining  functions, 
and  it  is  the  latter  only  which  is  materially  affected  by  alkalis  under 
the  conditions  of  the  present  experiments.  Whatever  the  expla- 
nation of  this  phenomenon  may  be,  we  feel  justified  in  concluding 
that  such  a  product  as  that  used  in  Feeding  Experiment  6  still 
contains  a  substance  which  is  essentially  of  a  "vitamine"  nature. 

Theoretical  Considerations  Concerning  the  Chemical  Nature  of 

"  Vitamines.n 

Numerous  writers  have  held  the  view  that  the  "vitamines," 
by  which  term  we  mean  certain  constituents  of  untreated  food- 
stuffs, are  complex  compounds.  Accordingly  various  investi- 
gators have  submitted  products  to  autolysis  or  hydrolysis  with 
mineral  acids  as  a  preliminary  to  chemical  investigation,  the 
object  of  such  treatment  being  to  reduce  the  complex  natural 
compounds  into  simpler  ones  which  possess  at  least  the  more 
essential  physiological  characteristics  of  the  parent  substances. 
That  hydrolysis  with  mineral  acids  does  effect  some  change  in  the 
"vitamines"  is  definitely  proved  by  the  fact  that  extract  of  rice 
polishings,  after  hydrolysis,  has  a  distinctly  altered  physiological 
action,  being  much  more  efficacious  as  a  curative  agent  than  the 
original  extract.6  It  is  only  reasonable  to  suppose  that  this 
change  results  from  cleavage  of  the  original  molecules.  The 
evidence  we  have  obtained  regarding  the  effect  of  alkalis  on  "acti- 
vated' '  fullers'  earth  suggests  that  the  alteration  of  physiological 

e  Vedder,  E.  B.,  and  Williams,  R.  R.,  Philippine  J.  Sc.f  B.,  1913,  viii, 
175.     Williams,  R.  R.,  and  Saleeby,  N.  M.,  ibid.,  1915,  x,  99. 
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properties  observable  in  this  case  possibly  is  due  to  a  different 
type  of  ^leavage.  (We  recognize  that  this  change  in  properties 
is  equally  well  accounted  for  by  other  assumptions  such  as  that 
of  the  existence  of  two  types  of  "vitamines"  only  one  of  which 
is  destroyed  by  alkali.7) 

Further,  we  have  evidence  that  "vitamines"  can  be  reduced 
to  still  simpler  compounds  which  are  physiologically  active. 
Although  the  antineuritic  properties  of  foodstuffs  and  of  crude 
extracts  persist  through  long  periods  of  storage,  it  has  been  the 
experience  of  investigators  who  have  attempted  to  isolate  the 
"vitamines"  that  the  final  relatively  purified  fractions  are  appar- 
ently much  less  stable,  since  simple  recrystallization  may  often 
serve  to  destroy  the  curative  property.  Later  in  this  paper 
evidence  will  be  presented  that  certain  fractions  of  yeast  may  auto- 
matically lose  their  curative  property  when  they  are  allowed  to 
stand  a  few  days  at  ordinary  temperature. 

These  facts  suggest  the  following  hypothesis  which  is  in  part 
a  restatement  of  old  conceptions.  The  "vitamines"  contain  one 
or  more  groups  of  atoms  constituting  nuclei  in  which  the  physio- 
logical properties  are  resident.  In  a  free  state  these  nuclei  possess 
the  "vitamine"  activity  but  under  ordinary  conditions  are 
spontaneously  transformed  into  isomers  which  do  not  possess  an- 
tineuritic power.  The  complementary  substances  or  substituent 
groups  with  which  these  nuclei  are  more  or  less  firmly  combined 
in  nature  exert  a  stabilizing  and  perhaps  otherwise  favorable 
influence  on  the  curative  nucleus,  but  do  not  in  themselves  possess 
the  "vitamine"  type  of  physiological  potency.  Accordingly  it 
is  believed  that  while  partial  cleavage  of  "vitamines"  may  result 
only  in  a  modification  of  their  physiological  properties,  by  certain 
means  disruption  may  go  so  far  as  to  effect  a  complete  separation 
of  "nucleus"  and  "stabilizer,"  and  if  it  does  so  will  be  followed 
by  loss  of  curative  power  due  to  isomerization.  The  basis  for  the 
assumption  that  an  isomerization  constitutes  the  final  and  phys- 
iologically most  significant  step  in  the  inactivation  of  a  "vitamine" 
is  found  in  studies  of  synthetic  antineuritic  products.1  This 
assumption  is  supported  by  evidence,  to  be  presented  later  in  this 
paper,  of  the  existence  of  such  an  isomerism  in  the  crystalline 
antineuritic  substance  obtainable  from  brewers'  yeast. 

7  McCollum,  E.  V.,  and  Davis,  M.,  /.  Biol.  Chem.,  1915,  xxiii,  181,  231. 
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It  may  well  be  that  natural  antineuritic  substances,  from  the 
same  or  different  raw  materials,  differ  both  in  respect  to  the  ease 
with  which  the  stabilizing  groups  or  substances  are  detached  and 
to  the  rapidity  with  which  the  resulting  free  curative  nucleus  is 
transformed  into  a  non-curative  isomer.  The  acceptance  of  this 
hypothesis  does  not  predicate  anything  with  regard  to  the  number 
or  identity  of  the  curative  nuclei  in  various  antineuritic  feeding- 
stuffs  nor  does  it  negative  the  possibility  of  an  actual  disruption 
and  decomposition  of  the  uvitamine,,  molecules  as  a  contributory 
cause  of  their  instability . 

With  regard  to  nomenclature  our  position  is  that  only  natural 
food  constituents  capable  of  preventing  the  onset  of  specific 
typical  symptoms  are  properly  classed  as  "vitamines."  Other 
substances,  whether  split  products  from  foodstuffs  or  derived 
from  other  sources,  which  are  capable  of  relieving  or  curing  these 
symptoms,  are  not  necessarily  "  vitamines"  but  no  doubt  resemble 
them  in  some  chemical  feature. 

In  this  connection  we  desire  to  comment  on  our  acceptance 
of  the  term  "  vitamine,"  which  has  been  objected  to  as  vague  and 
etymologically  misleading.  McCollum  and  Kennedy  have  called 
attention  to  the  wrong  implication  involved  in  the  use  of  the  term 
"  accessory' '  food  constituents  and  have  suggested  a  terminology 
based  on  the  solubility  of  the  substances.8  Such  a  terminology 
seems  to  be  an  unfortunate  choice,  as  the  apparent  solubility  of 
the  substances  studied  by  McCollum  may  be  a  wholly  fortuitous 
circumstance.  It  is  well  known  that  solubility  of  a  given  sub- 
stance is  affected  by  the  presence  or  absence  of  other  substances  in 
solution.  Substances  in  suspension  may  also  alter  the  apparent 
solubility  through  processes  of  adsorption.  Therefore  we  have  re- 
tained the  word  "vitamine"  as  Funk  employed  it,  since  it  has 
been  widely  used  and  will  serve  to  convey  our  meaning,  and  not 
because  we  wish  to  endorse  all  that  the  term  might  properly  be 
held  to  imply.  Until  our  knowledge  regarding  these  substances 
is  greatly  extended  we  can  scarcely  hope  to  give  them  a  fully 
satisfactory  name. 

If  the  above  hypothesis  concerning  "  vitamines"  is  funda- 
mentally sound  there  are  two  possible  successful  issues  of  a  study 
of  the  alkaline  extract  of  activated  fullers'  earth;  first  to  crystal- 

1  McCollum,  E.  V.,  and  Kennedy,  C.  J.  Biol.  Chem.,  1916,  xxiv,  491. 
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lize  a  free  or  combined  curative  nucleus  before  it  has  opportunity 
to  isomerize  into  a  non-curative  substance;  or,  second,  to  isolate 
this  nucleus  in  an  inactive  form  and  convert  it  into  the  active 
isomer,  thus  proving  that  it  is  related  to  the  original  antineuritic 
substance.  Experiments  which  will  be  described  in  the  following 
pages  show  that  a  measure  of  success  has  been  attained  in  both  of 
these  directions. 

0 

Fractionation  of  an  Alkaline  Extract  of  "Activated"  Fullers'  Earth. 

From  an  extract  obtained  by  shaking  "activated* '  fullers' 
earth  with  a  5  per  cent  solution  of  sodium  hydroxide  in  dilute 
alcohol  a  crystalline  substance  was  separated  in  the  form  of  clumps 
of  fibrous  needles  of  such  minute  size  as  to  be  indistinguishable 
under  the  lower  powers  of  the  microscope  (Fig.  1).  These  crys- 
tals were  surprisingly  uniform  in  appearance,  free  from  coloring 
matter,  and  possessed  very  distinct  antineuritic  properties. 
When  a  dilute  aqueous  solution  of  the  crystals  is  slowly  evaporated 
the  compound  crystallizes  in  small  rather  irregular  pyramids 
which  melt  at  345°  (uncorrected).  When  they  are  dissolved  in 
a  minimum  quantity  of  hot  water  and  the  solution  is  rapidly 
cooled,  the  greater  part  of  the  substance  crystallizes  in  needles 
resembling  the  original  in  crystal  form.  In  both  cases  the  re- 
crystallized  product  possessed  no  curative  or  protective  power 
and  proved  to  be  identical  with  adenine.  The  activity  of  the 
original  needles  can  scarcely  have  been  due  to  adhering  mother 
liquor  for  the  mother  liquor  itself  was  much  less  curative  than  the 
crystalline  substance.  The  original  needles  rapidly  lost  their 
curative  power  after  drying  but  retained  it  when  kept  in  contact 
with  the  mother  liquor.  These  observations  led  us  to  believe 
that  an  isomer  of  adenine  is  the  chemical  entity  which  is  respon- 
sible for  the  characteristic  physiological  activity  of  the  curative 
crystalline  product. 

In  the  course  of  the  experiments  on  the  isolation  of  antineuritic 
products  extensive  use  has  been  made  of  the  Folin-Macallum1 
phosphotungstic  acid  reaction  as  a  guide  in  following  the  physio- 
logically active  substance.  When  autolyzed  yeast  or  similar 
antineuritic  products  are  treated  with  phosphotungstic  acid  and 

9  Folin,  O.,  and  Macallum,  A.  B.,  J.  Biol.  Chem.,  1912,  xi,  265;  1912-13, 
xiii,  363.     Funk,  C,  and  Macallum,  A.  B.,  Biochem.  J.,  1913,  vii,  356. 
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subsequently  with  alkali  a  deep  blue  color  is  produced.  It  has 
been  our  experience  that  a  negative  test  for  this  color  indicates 
the  absence  of  the  curative  substance  in  crude  solutions.  A 
positive  reaction  can  with  less  assurance  be  taken  to  indicate  the 
presence  of  the  "vitamine." 

The  application  of  this  test  afforded  further  evidence  suggestive 
of  isomerism.  The  original  liquid  from  which  the  needle  crys- 
tals are  deposited  gives  an  intense  Folin-Macallum  reaction. 
After  crystallization  has  taken  place  the  mother  liquor  responds 
to  the  test  much  less  strongly  and  the  crystals,  as  first  obtained, 
respond  only  slightly  and  not  at  all  after  recrystallization.  The 
property  of  producing  an  intense  blue  coloration  with  phospho- 
tungstic  acid  can  be  imparted  to  the  crystalline  substance  by 
simple  means.  Still  more  convincing  is  the  fact  that  by  suitable 
treatment  the  completely  non-curative  recrystallized  substance 
is  converted  into  products  which  show  distinct  antineuritic  prop- 
erties. The  quantity  of  substance  so  far  available  has  not  been 
adequate  to  permit  an  attempt  to  isolate  these  reaction  products. 

Funk  has  recently  found  adenine  in  the  acetone-insoluble 
fraction  of  the  phosphotungstates  of  autolyzed  yeast.10  Possibly 
because  it  is  a  well  known  constituent  of  yeast  which  he  had 
previously  tested  for  antineuritic  properties  with  negative  results11 
he  apparently  did  not  regard  it  as  being  connected  in  any  way 
with  the  active  substance.  The  fact  that  the  curative  fractions 
of  yeast  obtained  by  such  diverse  methods  both  yield  adenine  in 
relatively  large  quantities  in  itself  argues  that  the  adenine  found 
is  closely  related  to  the  curative  substance,  and  gives  further 
weight  to  our  conclusion. 

We  regard  the  work  presented  in  this  paper  of  chief  interest 
not  in  its  contribution  toward  establishing  the  composition  or 
identity  of  this  "  vitamine/ '  which  may  or  may  not  be  a  unique 
compound,  but  in  affording  corroboration  of  the  theory  advanced 
elsewhere  that  an  isomerism  plays  a  determinative  r61e  in  the 
physiological  potency  of  "vitamines."  The  striking  isomerism 
of  4-phenyl-isocytosine12  suggests  itself  as  possibly  similar  to  that 

10  Funk,  C.,  Biochem.  Bull.,  1916,  v,  1. 
"  Funk,  J.  Physiol,  1912-13,  xlv,  489. 

11  Warming  ton,  E.,  J.  prakt.  Chem.,  1893,  xlvii,  214.     Johnson,  T.  B., 
Mid  Hill,  A.  J.,  /.  Am.  Chem.  Soc.,  1914,  xxxvi,  1201. 
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presumed  to  exist  in  adenine.  Studies  of  synthetic  preparations 
of  both  substances  will  be  undertaken  shortly  in  order  to  test  the 
correctness  of  this  view. 

EXPERIMENTAL   PART. 

Brewers'  yeast  was  autolyzed  and  filtered,  and  each  liter  of 
the  filtrate  so  obtained  was  shaken  with  50  gin.  of  specially  pre- 
pared fullers'  earth  (Lloyd's  reagent)  kindly  furnished  us  by  Pro- 
fessor J.  U.  Lloyd.    The  procedure  followed  in  these  operations 
has  been  described  in  a  recent  paper  by  one  of  us.8    The  auto— 
.lyzed  yeast  filtrate  so  prepared  is  curative  for  polyneuritis  in 
pigeons  in  doses  of  1  cc.    50  mg.  of  the  "activated"  fullers' 
earth  has  an   approximately  equivalent  antineuritic  potency. - 
Analysis  of  such  "activated"  earth  by  the  Kjeldahl  method  indi- 
cated the  presence  of  2.6  to  3.0  per  cent  of  nitrogen. 

In  each  of  the  feeding  experiments  described  in  the  following 
pages  the  pigeons  were  kept  in  cages  in  groups  of  six  to  ten  and 
supplied  only  with  polished  rice  and  water.  Each  bird 
weighed  every  2nd  or  3rd  day,  and  immediately  thereafter  given 
by  mouth  the  liquid  or  solid  material  being  tested  for  its  "vi- 
tamine"  character.  On  account  of  the  variation  in  eating  habits  of 
the  pigeons  the  daily  fluctuations  in  weight  were  large  and  the 
weight  curves  show  corresponding  irregularities.  It  is  therefore 
only  the  grosser  changes  in  weight  which  are  significant.  Iji 
order  to  .make  a  comparison  of  the  several  birds,  the  ordinates 
in  all  charts  represent  the  observed  weights  expressed  as  per  cent 
of  the  previously  determined  normal  weight  of  the  bird  on  a 
mixed  diet.  The  abscissae  in  all  cases  represent  the  number 
of  days  the  experiment  had  progressed.  Ordinarily  controls  of 
each  group  of  birds  were  not  kept  since  a  large  number  of  control 
experiments  had  previously  been  made  and  the  effect  of  an  ex- 
clusive diet  of  polished  rice  was  fairly  definitely  known. 

Acid  Extraction  of  "Activated"  Fullers9  Earth. 

100  gm.  of  "activated"  fullers'  earth  were  digested  for  5  hours  on 
a  steam  bath  under  a  reflux  condenser  with  200  cc.  of  50  per  cent 
alcohol  containing  approximately  10  per  cent  by  weight  of  hydro- 
chloric acid.    The  hot  mixture  was  rapidly  filtered  through  a  layer 
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of  asbestos  by  the  use  of  suction.  The  filtrate  was  evaporated 
to  dryness  under  diminished  pressure.  The  dark  residue  was 
dissolved  in  water  and  the  solution  filtered.  2  cc.  of  the  filtrate 
corresponding  to  about  2  gm.  of  "activated"  earth  caused  no 
improvement  in  a  paralyzed  pigeon  and  the  bird  died  within  about 
10  hours  (S  110).  The  solution  was  evaporated  to  dryness  in  a 
vacuum  desiccator  and  yielded  a  greenish  gray  residue,  10  mg. 
of  which  produced  undoubted  improvement  in  a  completely 
prostrated  pigeon  (S  140).  This  residue  was  found  to  be  almost 
completely  soluble  in  absolute  alcohol.  On  pouring  the  alcoholic 
solution  into  ethyl  ether,  a  very  voluminous  light  colored  precipi- 
tate separated.  This  was  collected  on  a  filter,  washed  with  ether, 
and  dried  in  a  vacuum  desiccator.  10  mg.  of  the  resulting  brittle 
dark  gray  product  relieved  the  paralysis  in  a  pigeon  (W  82)  but 
the  bird  remained  stupid  and  weak  and  died  on  the  5th  day.  A 
larger  quantity  of  this  ether-insoluble  material  was  prepared 
and  thoroughly  dried  in  a  vacuum  desiccator.  It  was  found  to  be 
extremely  hygroscopic,  yielded  copious  amounts  of  free  hydro- 
chloric acid  vapors  on  exposure  to  the  air,  and  on  ignition  left  a 
large  quantity  of  inorganic  residue,  principally  alumina. 

Another  100  gm.  lot  of  "activated"  fullers'  earth  was  extracted 
as  in  the  first  experiment.  The  extracted  solid  after  washing 
several  times  on  the  filter  was  dried  and  0.1  gm.  administered  to  a 
polyneuritic  pigeon  (S  157).  The  results  indicated  that  the  solid 
still  retained  a  considerable  amount  of  active  material. 

The  extract  obtained  from  the  above  digestion  was  evaporated 
to  dryness  under  diminished  pressure  as  before.  The  residue  was 
extracted  several  times  with  warm  acetone  which  dissolved  only 
a  relatively  small  part  of  it.  The  acetone-insoluble  residue  was 
taken  up  in  about  50  cc.  of  absolute  alcohol  and  the  filtered  solu- 
tion was  concentrated  on  a  hot  plate  to  about  20  cc.  On  stand- 
ing over  night  a  fairly  uniform  deposit  of  cubical  crystals  was 
obtained.  These  were  very  soluble  in  water  and  alcohol  and  on 
drying  gave  off  hydrochloric  acid  and  lost  their  crystalline  char- 
acter. Their  properties  appeared  to  correspond  in  general  to  those 
of  hydrated  chlorides  of  aluminium  as  described  by  Moissan.4 
It  is  therefore  probable  that  the  product  resulting  from  acid  alcohol 
extraction  of  *  "activated"  earth  consists  largely  of  aluminium 
chloride  as  suqi  or  as  double  salts  with  alkalis.    Since  the  products 
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showed  physiological  activity  it  is  evident  that  minute  amoun —   te 
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of  antineuritic  material  accompanied  the  inorganic  salts, 
attempt  to  separate  the  "vitamine"  from  the  inert  material  b«=:-"i>y 
precipitating  the  alumina  with  ammonia  yielded  a  filtrate  in  whic=^z^ch 
no  antineuritic  activity  could  be  detected. 

The  Effect  of  Alkalis  on  the  "Vitamines"  of  Autoly zed  Yeast. 

(a)  A  quantity  of  physiologically  active  autolyzed  yeast  filtra^^^ste 
was  divided  into  two  equal  portions.  One  portion  was  treate^^-^ed 
with  alkali  on  March  7  as  described  below  and  used  for  administraa-^^ra- 
tion  to  a  group  of  birds  during  the  period  from  March  7  to  May  ^^'  ^ 
(Pigeons  S  128, 137,  and  140,  Chart  I).  The  second  portion  wa^E^^w* 
reserved  for  the  treatment  of  Pigeons  S  130,  131,  and  148  (Charx«^^ar 
I),  aliquots  of  the  liquid  being  withdrawn  on  the  days  the  pigeoned  *=3>n 
were  dosed,  and  treated  with  alkali  in  the  same  manner  immedi:  fc^-sd: 
ately  before  administration.  The  pigeons  received  the  respect i\rv^"  -■"  w 
liquids  on  alternate  days  in  amounts  equivalent  to  3  cc.  of  th 
original  yeast  filtrate.  In  every  respect  the  two  groups  wei 
treated  alike  except  that  in  one  case  the  birds  received  a  prodi 
treated  with  alkali  some  time  in  advance  and  in  the  other  the^*- 
received  the  same  product  freshly  prepared  from  day  to  da^.« 
during  the  progress  of  the  feeding  test.  The  method  of  treating 
with  alkali  was  as  follows :  Sufficient  50  per  cent  sodium  hydroxide  fc^de 
solution  was  added  to  a  known  volume  of  autolyzed  yeast  filtrat^-^  -^ 
to  give  a  concentration  of  5  per  cent  by  weight  of  sodium  hydroxide  fcade 
in  the  mixture.  The  alkaline  solution  was  allowed  to  stand  S*  *> 
hours  at  room  temperature,  faintly  acidified  with  a  measured^ 
quantity  of  hydrochloric  acid,  and  filtered. 

The  animals  in  both  groups  showed  no  detectable  impairmen 
of  health  or  vigor  and  with  the  exception  of  one  bird  in  each  grouped  **$ 
maintained  approximately  normal  weight  during  the  entire  60  d&y^s^* 
period  of  the  experiment,  as  shown  in  Chart  I.    The  loss  in  weighted  *~^ 
in  the  case  of  the  two  birds  amounted  to  only  about  15  per  cent.  ~  ^ 
It  is  therefore  apparent  that  the  "vitamine"  in  autolyzed  yeast  "*^ 
is  not  appreciably  affected  by  being  kept  in  a  5  per  cent  caustic 
solution  at  room  temperature  for  a  period  of  5  hours. 

(6)  50  gm.  of  "activated"  fullers'  earth  were  shaken  with  200  cc. 
of  5  per  cent  aqueous  sodium  hydroxide  and  allowed  to  stand  in 
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contact  with  the  alkaline  liquid  for  5  hours.  A  slight  excess  of 
hydrochloric  acid  was  then  added  to  the  suspension  and  the  mix- 
ture shaken  and  filtered.  The  solid,  which  should  have  readsorbed 
all  unchanged  "vitamines"  from  the  acidified  solution,  was  ad- 
ministered every  2  or  3  days  to  Pigeons  S  149  and  150  in  doses  of 
0.15  gm.  (Chart  II).  Although  the  birds  were  reduced  to  about 
75  per  cent  of  their  original  weight,  no  polyneuritic  symptoms 
developed  and  they  seemed  as  healthy  and  active  as  normal  ones 
up  to  the  end  of  the  experiment. 

(c)  The  above  experiment  was  repeated  with  the  modification 
that  the  " activated' '  earth  was  allowed  to  stand  in  contact  with 
the  alkaline  liquid  for  only  10  minutes.  After  acidifying  and 
filtering,  the  solid  residue  was  used  for  treating  Pigeons  S  153  and 
154  (Chart  II),  and  the  filtrate  was  given  to  two  others  (Nos. 
S  155  and  156,  Chart  II),  the  dosage  at  2  or  3  day  intervals  in 
each  case  being  equivalent  to  0.15  gm.  of  the  original  "activated" 
earth.  The  solid  residue  as  before  afforded  complete  protection 
against  any  symptoms  of  disease  and  in  addition  the  loss  in  weight 
was  much  less  than  in  the  previous  experiment.  In  the  case  of 
Birds  S  155  and  156  which  received  the  filtrate,  the  loss  in  weight 
and  development  of  polyneuritis  showed  that  practically  all  of 
the  "vitamine"  had  been  readsorbed  by  the  fullers'  earth  on 
acidifying  the  alkaline  mixture.  Since  in  both  cases  of  the  birds 
receiving  the  solid  which  had  been  treated  with  alkali,  no  poly- 
neuritic symptoms  developed,  it  is  apparent  that  alkali  had  not 
affected  the  antineuritic  properties  of  the  solid.  The  marked 
losses  in  weight  show  that  some  alteration  of  the  adsorbed  "vi- 
tamine" had  occurred. 

(d)  100  gm.  of  "activated!'  fullers'  earth  were  shaken  with  500 
cc.  of  5  per  cent  aqueous  sodium  hydroxide  solution  for  10  minutes. 
The  mixture  was  filtered  with  the  aid  of  suction  and  the  filtrate 
slightly  acidified  with  hydrochloric  acid.  A  yellowish  precipitate 
separated  and  this  was  removed  by  filtration.  The  solution  so 
obtained  was  used  for  treating  two  birds,  Nos.  S  151  and  152 
(Chart  III).  Each  bird  received  by  mouth  every  2  or  3  days  an 
amount  of  the  neutralized  alkaline  extract  equivalent  to  0.15  gm. 
of  the  original  "activated"  earth.  The  birds  lost  only  about 
10  per  cent  in  weight  and  apparently  remained  in  perfect  health 
during  the  50  days  of  the  experiment.      Therefore  it  may  be 
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concluded  that  by  rapid  extraction  of  "  activated' '  fuller8,  earth 
with  5  per  cent  caustic  alkali,  the  adsorbed  "vitamine"  can 
be  removed  without  materially  diminishing  its  physiological 
potency.  This  was  a  very  important  point  to  settle  since  the 
method  for  isolating  crystalline  antineuritic  substances  described 
in  the  following  section  is  based  upon  the  alkaline  extraction  of 
the  "activated"  solid. 

Fractionation  of  Alkaline  Extract  of  "Activated"  Fullers1  Earth. 

(a)  200  gm.  of  "activated"  fullers'  earth  were  shaken  vigorously 
for  15  minutes  with  400  cc.  of  5  per  cent  aqueous  sodium  hydroxide 
solution.  The  liquid  was  filtered  with  the  aid  of  suction  and  the 
solid  residue  was  shaken  with  400  cc.  of  95  per  cent  alcohol  and 
the  suspension  was  filtered  as  before.  The  combined  aqueous 
and  alcoholic  filtrates  were  neutralized  with  glacial  acetic  acid. 
This  produced  a  small  flocculent  precipitate  which  was  separated 
by  filtration  and  discarded.  The  reddish  brown  filtrate  gave  a 
strong  Folin-Macallum  reaction.  An  amount  of  it  equivalent 
to  90  mg.  of  the  original  activated  earth  was  administered  to  a 
polyneuritic  pigeon  (W  85).  The  next  day  the  bird  was  appar- 
ently normal  and  15  days  elapsed  before  the  return  of  the  symp- 
toms. Another  extract  similarly  prepared  gave  like  results 
with  another  bird  (W66). 

A  saturated  aqueous  solution  of  mercuric  acetate  was  added 
to  the  above  filtrate  as  long  as  any  precipitation  was  produced. 
The  mercuric  acetate  precipitate  was  separated  with  suction  and 
dried  on  a  porous  plate.  When  air-dried  the  product  weighed  18 
gm. 

Hydrogen  sulfide  was  passed  into  the  filtrate  from  the  mercuric 
acetate  precipitate.  After  removal  of  the  resulting  mercuric 
sulfide  by  filtration  and  expulsion  of  the  excess  of  hydrogen 
sulfide  by  boiling  in  vacuo,  the  liquid  gave  a  moderate  Folin- 
Macallum  reaction .  A  large  dose  equivalent  to  0.8  gm.  of  the  orig- 
inal activated  earth  was  administered  to  a  polyneuritic  pigeon  (W 
100).  The  bird  gradually  improved  and  lived  12  days  but  at 
no  time  regained  full  use  of  its  legs  and  wings.  Accordingly  this 
fraction  was  not  investigated  further. 

The  •  dried  mercuric  acetate  precipitate  was  finely  ground! 
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suspended  in  150  cc.  of  water  containing  5  cc.  of  glacial  acetic 
acid,  and  decomposed  with  hydrogen  sulfide.  The  mercuric 
sulfide  was  removed  by  centrifugation  and  extracted  four  times 
by  maceration  with  portions  of  100  cc.  of  water  containing  hydro- 
gen sulfide.  The  combined  extracts  were  filtered  and  boiled  in 
vacuo  to  expel  hydrogen  sulfide.  A  portion  of  the  solution  was 
reserved  for  tests  of  its  antineuritic  properties.  On  the  1st 
day  after  preparation  a  dose  equivalent  to  0.09  gm.  of  original 
activated  earth  was  given  to  a  polyneuritic  bird  (W  88).  It  had 
recovered  completely  from  the  paralysis  the  following  day,  be- 
came alert  and  active,  gained  15  gm.  in  weight,  and  lived  18  days 
before  return  of  severe  symptoms.  This  indicated  that  mercuric 
acetate  precipitates  the  larger  part  of  the  antineuritic  substance. 
When  8  days  old  the  same  solution  in  the  same  quantity  was 
administered  to  another  polyneuritic  bird  (W97).  The  bird 
recovered  from  the  severe  paralysis  but  remained  slightly  stupid 
and  redeveloped  symptoms  after  8  days.  The  maximum  gain 
in  weight  was  only  7  gm.  though  the  bird  was  thin  when  treated. 
When  the  solution  was  13  days  old  an  equal  dose  was  given  a 
third  bird  (W99).  No  improvement  resulted  nor  did  the  bird 
recover  after  a  second  equal  dose  given  on  the  following  day. 
It  died  3  days  after  the  first  treatment.  Although  only  three 
birds  were  involved  in  these  experiments  they  appear  to  indicate 
a  loss  of  curative  power  with  lapse  of  time. 

Meanwhile  without  unnecessary  delay,  the  main  portion  of  the 
filtrate  from  the  mercuric  sulfide  was  evaporated  in  vacuo  to 
a  volume  of  50  cc.  during  which  process  about  0.5  gm.  of  a  granular 
brownish  substance  separated.  The  substance  was  removed  by 
filtration,  washed  with  water,  and  recrystallized  from  hot  water. 
It  proved  very  sparingly  soluble  in  cold  water  and  only  slightly 
in  hot.  After  recrystallization  the  substance  was  still  not  of  a 
uniform  appearance,  consisting  of  irregular  warts  and  pyramids 
mixed  with  whetstone-shaped  crystals.  It  decomposed  above 
330°,  gave  no  Folin-Macallum  reaction  either  directly  or  after 
treatment  with  acids  (compare  below),  and  showed  no  evidence 
of  curative  properties.  Inasmuch  as  the  product  was  evidently 
a  mixture  of  difficultly  soluble  substances  which  could  not  be 
resolved  into  purer  fractions  by  simple  recrystallization,  it  was 
not  studied  further. 
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The  filtrate  from  this  substance  was  placed  in  a  vacuum  desic- 
cator over  sulfuric  acid.  The  following  day  the  liquid  was  covered 
with  a  white  crust  beneath  which  was  a  magma  of  material  of 
fibrous  texture.  The  crust  was  separated  mechanically  as  com- 
pletely as  possible  and  the  magma  of  crystals  underneath  removed 
by  filtration.  The  combined  weight  of  both  forms  was  0.85  gm. 
Under  the  microscope  the  crust  was  seen  to  be  made  up  of  color- 
less warts.  The  underlying  material  was  nearly  white  and  proved 
to  consist  of  rosettes  of  extremely  fine  fibrous  needles,  which 
could  be  distinguished  only  under  the  higher  powers  of  the 
microscope.  The  material  was  strikingly  uniform  in  appearance. 
Both  the  crust  and  the  fibrous  needles  gave  only  a  faint  Folin- 
Macallum  reaction  and  the  filtrate  from  them  also  gave  this 
reaction  moderately,  though  the  liquid  had  done  so  intensely 
before  crystallization  began.  The  fresh  needles  were  found  to 
possess  a  marked  curative  power.  One  pigeon  (W94)  in  a 
severely  paralyzed  condition  received  an  injection  of  1  mg.  in 
water  solution.  It  showed  improvement  within  2  hours,  recovered 
completely  from  paralysis,  and  was  able  to  fly  the  following  day. 
A  day  later  another  bird  (W  101)  developed  symptoms  and  was 
given  an  injection  of  a  water  solution  of  2  mg.  of  the  needles. 
The  following  day  it  had  recovered  completely,  gradually  gained 
42  gm.  in  weight,  and  lived  12  days.  On  the  4th  day  after  sepa- 
ration of  the  needles  a  bird  (W  102)  was  dosed  similarly  and  im- 
proved considerably  though  less  than  the  birds  previously  treated, 
but  lived  17  days.  On  the  7th  day  another  pigeon  (W  98)  after 
an  injection  of  2  mg.  improved  slightly  but  gained  no  weight,  and 
died  the  3rd  day.  It  was  later  found  that  the  material  had  lost 
its  crystalline  form  and  had  become  amorphous. 

2  mg.  of  the  mother  liquor  2  days  after  separation  of  the  needles 
were  administered  by  injection  to  a  polyneuritic  pigeon  (W  93). 
An  extremely  slight  improvement  followed.  A  second  dose  of 
3  mg.  the  following  day  produced  no  visible  result  and  death 
followed  within  a  few  hours. 

The  needles  after  drying  over  night  in  a  vacuum  desiccator 
melted  with  decomposition  at  318°  (uncorrected),  and  dissolved 
in  hot  concentrated  sulfuric  acid  with  the  production  of  a  slight 
violet  color.  They  were  sparingly  soluble  in  cold  water  but 
readily  in  hot.     In  alcohol  they  dissolved  less  freely  than  in 
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water  at  corresponding  temperatures.  When  recrystallized  from 
water  by  the  evaporation  of  a  dilute  solution  in  vacuo  over  sul- 
furic acid,  the  substance  yielded  irregular  pyramids  melting  fairly 
sharply  at  345°  (uncorrected)  with  decomposition  and  partial 
sublimation. 

The  crusty  material  referred  to  above  also  yielded  this  product 
when  recrystallized  in  the  same  way.  On  recrystallizing  the 
pyramids  (melting  point  345°)  from  a  small  amount  of  hot 
water  rosettes  of  fine  needles  were  obtained  from  the  rapidly 
cooled  solution.  Evidently  the  substance  crystallizes  in  two 
forms,  one  of  which,  the  needles,  contains  water  of  crystalli- 
aation.  A  quantitative  determination  of  the  water  was  not  at- 
tempted since  a  product  wholly  free  from  pyramids  was  not 
obtained. 

The  recrystallized  needles  showed  no  antineuritic  properties 
as  indicated  by  curative  tests  on  polyneuritic  birds  (W  95  and 
106).  The  pyramids  (melting  point  345°)  possessed  no  curative 
or  protective  properties  (Birds  S  116, 119, 123,  and  125,  Chart  IV). 
Neither  form  as  obtained  by  recrystallization  yielded  a  blue 
coloration  with  phosphotungstic  acid  and  alkali.  After  boiling 
for  an  hour  or  more  with  glacial  acetic  acid,  acetic  anhydride, 
or  dilute  hydrochloric  or  sulfuric  acid,  both  forms  gave  this 
reaction  intensely.  Prolonged  standing  at  ordinary  temperatures 
in  mineral  acid  solution  also  imparted  to  them  the  power  to  give 
"the  coloration.  When  heated  a  moment  with  concentrated 
sulfuric  acid  to  the  boiling  point  little  charring  resulted.  After 
diluting,  the  addition  of  the  Folin-Macallum  reagent  produced 
a  blue  color  of  extraordinary  intensity.  The  fused  and  partially 
charred  pyramids  also  gave  this  reaction  strongly. 

The  filtrate  from  the  original  needles  and  crusts  and  the  first 
mother  liquors  from  recrystallization  of  these  substances  on  slow 
evaporation  in  a  vacuum  desiccator  left  a  residual  syrup,  in  which 
in  course  of  10  days  a  quantity  of  large  rather  short  needles  ap- 
peared. They  proved  extremely  soluble  in  water.  Addition  of 
non-aqueous  solvents  to  the  mixture  of  needles  and  syrup  caused 
the  deposition  of  gum  upon  the  crystalline  material  and  a  satis- 
factory separation  could  not  be  effected  by  this  means.  By  re- 
peated pressing  of  the  syrupy  crystalline  mass  between  moist  filter 
papers  a  small  fraction  of  the  crystals  was  obtained  in  a  perfectly 
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white  condition.  The  crystals  so  separated  were  still  sticky  with 
adhering  mother  liquor  and  contained  a  little  ash.  No  evidence  of 
curative  power  was  obtained  nor  did  the  substance  produce  more 
than  a  faint  blue  color  with  phosphotungstic  acid  under  any 
conditions. 

(6)  In  a  second  experiment  200  gm.  of  "activated"  fullers'  earth 
were  shaken  vigorously  for  10  minutes  with  500  cc.  of  50  per  cent 
alcohol  containing  5  per  cent  sodium  hydroxide,  and  filtered.  The 
residual  earth  was  washed  with  a  further  portion  of  300  cc.  of  50 
per  cent  alcohol.  The  combined  filtrate  and  washings  were  neu- 
tralized with  hydrochloric  acid.  A  yellow  granular  precipitate 
separated  on  standing  and  was  removed  by  filtration.  The  fil- 
trate which  yielded  an  intense  blue  color  on  treatment  with  phos- 
photungstic acid  and  sodium  carbonate  was  evaporated  in  vacuo 
to  about  150  cc,  and  filtered  from  a  further  granular  deposit.  It 
was  then  evaporated  in  vacuo  to  dryness  and  the  mass  was  extracted 
with  90  per  cent  alcohol  leaving  a  residue  consisting  largely 
of  sodium  chloride.  The  alcoholic  extract  was  concentrated  in 
vacuo  to  a  volume  of  about  25  cc.  and  placed  in  a  vacuum  desic- 
cator over  sulfuric  acid.  A  magma  of  rosettes  of  fine  needles  was 
deposited.  They  were  evidently  identical  with  the  product  pre- 
viously obtained  but  were  more  contaminated  with  foreign  crystal- 
line substances  and  a  brown  coloring  matter.  Since  the  aggre- 
gates were  composed  of  fibrous  needles  radiating  in  all  directions 
from  a  common  center,  the  microscope  could  not  be  focused  so 
as  to  show  the  whole  of  any  rosette  at  one  time.  On  this  account 
and  because  of  the  fineness  of  the  needles  it  was  not  possible  to 
make  a  satisfactory  photograph.  A  drawing  which  is  reproduced 
herewith  (Fig.  1)  was  made  with  the  aid  of  a  camera  lucida  and 
illustrates  the  appearance  of  the  rosettes  as  seen  by  varying  the 
focus  while  looking  through  the  microscope. 

The  bulk  of  the  mother  liquor  was  removed  by  centrifugation. 
The  mass  of  crystals  was  kept  in  the  condition  in  which  it  was 
deposited  in  the  centrifuge  tube,  the  supernatant  liquid  being 
merely  drained  off  as  completely  as  possible.  In  this  condition 
the  needles  appear  to  retain  their  characteristic  crystal  form  indefi- 
nitely. When  kept  in  this  state  they  proved  capable  of  curing 
polyneuritic  birds  and  preventing  the  recurrence  of  the  symptoms 
for  about  45  days,  which  was  as  long  a  period  as  it  was  thought 
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desirable  to  continue  the  experiment  (Chart  IV).  Such  birds 
increased  markedly  in  weight  and  after  more  than  80  days  on  a 
white  rice  diet  had  a  normal  appearance.  Weight  was  main- 
tained at  about  80  per  cent  of  the  normal  when  doses  of  10  mg. 
of  the  moist  crystals  were  given  every  2  or  3  days.  In  one  case 
(Bird  S  121)  the  dose  was  increased  to  50  mg.  (see  arrow,  Chart  IV) 
given  at  the  same  intervals.  This  pigeon  regained  its  original 
weight  in  about  30  days.  It  then  developed  ulcerations  and 
swellings  in  the  mouth  and  being  unable  to  eat  began  to  decline 
in  weight  rapidly.  It  was  killed  after  having  lived  a  total  of  73 
days  on  a  white  rice  diet.  Healthy  birds  fed  on  white  rice  and 
given  an  occasional  dose  developed  no  symptoms  of  disease. 
However,  weight  was  maintained  only  on  a  subnormal  plane  when 
doses  of  5  to  10  mg.  were  given  by  mouth  every  2nd  day  (Chart  V). 

(c)  Since  this  method  of  isolating  the  crystalline  product  was 
much  shorter  and  more  convenient  than  that  involving  the  use  of 
the  mercuric  acetate,  it  was  adopted  for  the  preparation  of  a  suffi- 
cient quantity  of  the  crystals  for  purification  and  chemical  analysis. 
During  the  course  of  this  work  it  was  found  that  while  aqueous 
sodium  hydroxide  appears  to  extract  the  antineuritic  substance 
more  completely,  it  has  the  disadvantage  of  yielding  much  more 
highly  colored  extracts  which  usually  crystallize  very  slowly  if 
at  all.  On  the  whole,  alkaline  50  per  cent  alcohol  seems  most 
satisfactory. 

A  quantity  of  the  crude  crystalline  product  so  obtained  weighed 
2.7  gm.  It  was  recrystallized  once  from  water  by  rapid  cooling 
of  a  concentrated  solution  and  deposited  largely  in  the  form  of 
rosettes  of  needles.  It  was  then  recrystallized  once  from  hot 
absolute  alcohol  in  which  it  dissolved  sparingly,  once  from  2  per 
cent  acetic  acid,  then  dissolved  in  dilute  hydrochloric  acid  and 
precipitated  with  an  excess  of  ammonia,  and  finally  fractionally 
recrystallized  twice  from  water.  During  this  process  we  had 
occasion  to  regret  our  decision  to  omit  the  mercuric  acetate  pre- 
cipitation, as  it  was  found  difficult  to  purify  this  product  by  crys- 
tallization. The  final  purest  fraction  weighed  1.07  gm.,  was 
nearly  pure  white,  and  consisted  almost  exclusively  of  the  needle 
form.  It  was  free  from  ash  and  after  drying  at  130°  melted  at 
340°  (uncorrected).  After  drying  at  110-115°  in  vacuo  it  was 
submitted  to  analysis. 
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per  cent 

C 43.23 

H 4.13 

Determinations  of  nitrogen  by  the  Kjeldahl  method  gave  49.57 
and  49.31  per  cent  N. 

A  sample  of  the  product  as  analyzed  for  carbon  and  hydrogen 
was  dried  further  in  vacuo  at  130°  for  3  hours/  It  lost  1.8  per  cent 
in  weight.  Correcting  the  above  analysis  for  moisture  the  figures 
obtained  are: 

percent 

C 44.02 

H 4.00 

A  similar  moisture  determination  on  the  sample  as  submitted 
to  the  Kjeldahl  method  indicated  the  presence  of  2.08  percent  of 
moisture,  the  substance  having  gained  in  weight  on  standing  in  a 
desiccator  over  calcium  chloride.  Corrected  for  moisture  the 
above  figures  become  50.62  and  50.36  per  cent  of  nitrogen 
respectively. 

A  sample  of  the  substance  was  placed  in  a  small  tube  and  dried 
in  vacuo  at  130°,  the  tube  being  closed  tightly  with  a  rubber  stopper 
on  removal  from  the  oven.  After  cooling,  the  substance  was 
quickly  transferred  to  a  boat  and  placed  in  the  combustion  furnace, 
the  weight  being  taken  by  difference.  The  result  of  the  analysis 
was: 

percent 

C • 43.82 

H '. 4.22 

Nitrogen  determinations  by  the  Kjeldahl  method  on  the 
product  dried  in  the  same  way  gave  50.62  and  50.55  per  cent 
respectively. 

These  analyses  are  in  substantial  accord  with  the  corrected 
analyses  recorded  above  and  suggest  that  the  substance  is  an 
impure  monoamino  purine. 

c  H  N 

Calculated 44.41  3.73  51.86 

A  portion  of  the  substance  was  dissolved  in  hot  water  and  pre- 
cipitated with  aqueous  picric  acid  solution.  A  crystalline  picrate 
was  obtained  in  the  form  of  silky  needles.  These  were  twice 
recrystallized  from  hot  water  without  apparent  change  of  crystal 
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form.  When  rapidly  heated  they  began  to  darken  at  280°  and 
melted  sharply  with  complete  charring  and  marked  effervescence 
at  296-297°.  A  sample  of  adenine  picrate  from  adenosine,  kindly 
furnished  us  by  Dr.  P.  A.  Levene,  showed  precisely  the  same 
behavior.  Mixtures  of  our  picrate  with  that  obtained  from  Dr. 
Levene  gave  a  melting  point  which  did  not  differ  from  that  of  either 
substance  separately.  We  found  that  the  decomposition,  which 
begins  at  about  280°,  takes  place  far  from  sufficiently  sharply  to 
be  characteristic. 

A  few  mg.  of  adenine  were  prepared  from  Dr.  Levene's  picrate 
by  extracting  the  picric  acid  with  ether  from  a  hydrochloric 
acid  solution  and  precipitating  the  base  with  ammonia.  So  pre- 
pared it  responded  to  the  Folin-Macallum  reaction  in  precisely 
the  same  way  and  under  the  same  conditions  as  did  our  substance 
melting  at  345°.  The  application  of  Kossel's  test13  also  confirmed 
the  identity  of  the  two  substances. 

(d)  Since  fusion  and  treatment  with  acids  gave  this  substance 
the  power  to  produce  a  blue  color  with  phosphotungstic  acid,  it 
was  of  interest  to  test  the  antineuritic  properties  of  the  material 
so  treated.  In  three  cases  from  5  to  20  mg.  of  the  non-curative 
substance  as  submitted  to  analysis  were  fused  in  vacuo  in  small 
tubes.  The  contents  of  the  tubes  were  then  removed,  suspended 
in  cold  water,  and  administered  to  three  polyneuritic  pigeons. 
Bird  W  92  was  markedly  improved  but  died  the  3rd  day;  W  96 
became  bright  and  lively  and  lived  7  days;  W  97  (second  onset) 
did  not  improve. 

In  two  experiments  small  amounts  of  the  substance  were  boiled 
with  10  per  cent  sulfuric  acid  for  3  hours.  The  sulfuric  acid  was 
then  removed  by  treatment  with  calcium  carbonate  and  the  result- 
ing solutions  which  gave  a  marked  Folin-Macallum  reaction  were 
given  to  two  pigeons  (W  85  and  99)  by  mouth.  No  benefit  was 
observed  in  either  case. 

The  general  methods  used  by  Johnson  and  Hill  for  producing 
isomers  of  4-phenyl-isocytosine12  were  applied  to  the  substance. 
10  mg.  were  heated  with  1  cc.  of  absolute  alcohol  in  a  sealed  tube 
to  180°  for  3  hours.  On  cooling,  only  traces  of  crystallization  took 
place  on  standing  48  hours.    The  tube  was  then  opened  and  the 

13  Kossel,  A.,  Z.  physiol.  Chem.,  1888,  xii,  241.  Fischer,  E.,  Ber.  chem. 
Ges.,  1897,  xxx,  2226. 
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contents,  diluted  with  five  volumes  of  water,  were  administered 
by  mouth  to  a  severely  paralyzed  pigeon  (W  109).  The  following 
day  it  could  run  about  freely  but  could  not  fly.  Death  followed 
3  days  later.  Three  other  birds  (W  115,  116,  and  117),  similarly 
treated,  all  showed  distinct  improvement  and  lived  8,  8,  and  9 
days  respectively.  50  mg.  of  the  non-curative  substance  were 
heated  at  100°  for  5  hours  with  5  cc.  of  absolute  alcohol  in  which 
10  mg.  of  metallic  sodium  had  been  dissolved.  The  resulting 
orange  liquid  was  evaporated  to  dryness  on  the  steam  bath.  A 
polyneuritic  pigeon  (W  114)  received  an  injection  of  5  mg.  of  the 
residue  dissolved  in  cold  water  immediately  before  administration. 
Improvement  was  noticeable  in  3  hours.  The  following  day  the 
bird  could  run  and  fly  freely  and  showed  no  symptoms  of  neuritis. 
It  gained  10  gm.  in  weight  during  the  1st  day  but  then  declined 
and  became  severely  paralyzed  on  the  4th  day.  It  was  again 
treated  with  a  fresh  preparation  identical  with  the  one  previously 
used  and  again  recovered  from  paralysis,  gained  25  gm.  in  weight, 
and  again  declined  and  died  with  typical  symptoms  on  the  8th 
day  after  the  first  onset.  Bird  W 1 15a  similarly  treated  was  much 
improved  in  general  condition  and  gained  20  gm.  in  weight  but 
did  not  recover  entirely  from  paralysis.  Severe  symptoms  returned 
on  the  3rd  day  and  the  bird  was  repeatedly  dosed  with  autolyzed 
yeast  filtrate.  This  did  not  serve  to  improve  its  condition  more 
markedly  than  had  the  previous  treatment  and  it  seems  probable 
that  this  individual  was  suffering  from  nerve  lesions  too  deep 
seated  to  permit  of  a  rapid  cure.  Bird  W  1 18  was  also  treated  with 
the  sodium  ethylate  product  and  recovered  very  strikingly  from 
severe  paralysis  and,  though  it  gradually  lost  18  gm.  in  weight, 
lived  11  days.  In  every  case  improvement  followed  treatment 
with  this  product  and  in  some  cases  the  changes  in  the  condition 
of  the  birds  were  of  an  exceptional  character. 

It  was  found  that  if  the  residue  from  the  above  sodium  ethylate 
treatment  was  treated  directly  with  phosphotungstic  acid,  fol- 
lowed by  sodium  carbonate  to  render  the  solution  again  alkaline, 
an  intense  blue  color  developed.  A  portion  of  the  residue  carefully 
neutralized  with  hydrochloric  acid  also  produced  marked  color- 
ation on  addition  of  phosphotungstic  acid  and  sodium  carbonate. 
When,  however,  a  large  excess  of  hydrochloric  acid  was  added  to 
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the  residue  scarcely  a  trace  of  color  was  produced  on  subsequent 
treatment  with  the  Folin-Macallum  reagent. 

Our  supply  of  purified  base  as  well  as  that  of  authentic  adenine 
was  exhausted  by  these  experiments. 

SUMMARY. 

1.  The  physiological  properties  of  autolyzed  yeast  filtrate  were 
not  appreciably  altered  by  treatment  with  relatively  concentrated 
caustic  alkali. 

2.  In  the  case  of  fullers'  earth  "activated"  by  contact  with  auto- 
lyzed yeast  filtrate,  aqueous  alkali  modified  the  physiological 
action  in  respect  to  its  power  to  maintain  the  weigh  b  of  pigeons 
on  a  deficient  diet,  but  did  not  sensibly  affect  its  antineuritic 
function. 

3.  By  alkaline  extraction  of  "activated"  fullers'  earth  a  crystal- 
line antineuritic  substance  was  obtained,  the  physiological  action 
of  which  was  apparently  not  due  to  adhering  mother  liquor. 

4.  On  attempting  to  purify  this  substance  further  by  recrystal- 
lization,  its  antineuritic  properties  were  lost  and  the  resulting 
product  was  found  to  be  identical  with  adenine. 

5.  By  suitable  treatment  of  the  resulting  adenine,  it  acquired 
antineuritic  properties,  and  the  power  to  give  a  blue  color  with 
the  Folin-Macallum  reagent. 

6.  The  explanation  of  the  results  obtained  appears  to  be  that 
an  isomer  of  adenine  is  the  chemical  entity  responsible  for  the 
characteristic  physiological  properties  of  the  "vitamine"  under 
investigation. 

7.  A  hypothesis  regarding  the  chemical  nature  of  "vitamines" 
is  suggested. 
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Chart  I.    Feeding  Experiment  1  (Birds  S  128,  137,  and  140).     Showing 
the  effect  of  autolyzed  yeast  filtrate  which  was  previously  treated  with 


Feeding  Experiment  2  (Birds  S  130,  131,  and  148).    Showing  the  effect 
of  autolyzed  yeast  filtrate  freshly  treated  with  alkali. 


Chart  II.  Feeding  Experiment  3  (Birds  S  149  and  150).  Showing  the 
effect  of  "activated"  fullers'  earth  which  had  been  digested  with  alkali 
for  5  hours. 

Feeding  Experiment  4  (Birds  S  153  and  154).  Showing  the  effect  of 
"activated"  fullers'  earth  which  had  been  digested  with  alkali  for  10 
minutes. 

Feeding  Experiment  5  (Birds  S  155  and  156).     Showing  the  effect  of  the 
filtrate  from  the  earth  used  in  the  previous  experiment. 
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Chart  III.    Feeding  Experimeot  6  (Birds  S  151  and  152).    Showing 
the  effect  of  a  neutralized  alkaline  extract  of  "activated"  fullers'  earth. 
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Cham  V.    Feeding  Experiment  8. .     Bird  146  received  10  mg.  and  147, 

£  mg.  lioeea  of  the  moist  crystalline  needles  (Fig.  1). 
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PLATE  2. 

Fig.  1.  Crystalline  antineuritic  substance  from  autolyzed  yeast.     (Drawn 
with  the  aid  of  a  camera  lucida.) 
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FURTHER  STUDIES  OF  THE  RELATION  OF  THE  QUALITY 
OF  PROTEINS  TO  MILK  PRODUCTION.* 

By  E.  B.  HART  and  G.  C.  HUMPHREY. 

With  the  Cooperation  of  A.  A.  Schaal. 

(From  the  Departments  of  Agricultural  Chemistry  and  Animal  Husbandry 

of  the  University  of  Wisconsin,  Madison.) 

(Received  for  publication,  July  5,  1916.) 

In  an  earlier  publication1  it  was  pointed  out  that  the  protein 
synthetic  power  of  the  mammary  gland  was  not  so  distinct  as  to 
make  it  independent  of  the  quality  of  the  nitrogenous  units  fur- 
nished by  the  ration.  It  was  shown  by  the  final  method  of  ex- 
perimentation and  calculation  used  that  the  proteins  of.  the  corn 
or  wheat  grain  had  a  much  lower  efficiency  for  milk  protein  con- 
struction than  the  proteins  of  milk  itself. 

It  was  apparent  from  this  work  that  the  nutritive  ratio  or  the 
plane  of  protein  intake  for  milk  production  need  not  be  a  set 
ratio,  dependent  alone  upon  the  quantity  and  quality  of  the 
milk  produced,  but  could  be  varied,  dependent  upon  the  quality 
of  the  proteins  in  the  ration.  This  harmonizes  perfectly  with  the 
available  facts  concerning  the  relation  of  proteins  to  growth  and 
does  not  give  to  the  specialized  group  of  cells  constituting  the 
mammary  gland  a  synthetic  power  for  proteins  wholly  independ- 
ent of  the  quality  of  the  amino-acids  furnished  by  the  blood  stream. 

It  was  further  shown  that  the  inefficiency  of  the  proteins  in  a 
ration  for  milk  production  was  concealed,  at  least  for  a  compara- 
tively short  period,  by  the  ability  of  the  animal  to  metabolize 
its  tissue  proteins,  thereby  compensating  for  the  deficiencies  in  the 
structure  of  the  proteins  of  the  ration  and  at  the  same  time  al- 
lowing a  maintenance  of  milk  secretion  at  a  fairly  high  level. 
This  phase  of  protein  metabolism  was  made  manifest  by  an  in- 

• 

*  Published  with  the  permission  of  the  Director  of  the  Agricultural 
Experiment  Station. 

1  Hart,  E.  B.,  and  Humphrey,  G.  C,  /.  Biol.  Chem.,  1915,  xxi,  239. 
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creasing  or  decreasing  nitrogen  loss  as  the  proteins  ingested  were 
either  structurally  inferior  or  superior.  Further,  it  appeared  pos- 
sible that  normally  milk  protein  production  was  at  the  expense  of 
body  tissue  and  that  the  ingested  proteins  of  a  ration  were  utilized 
in  restoration  of  catabolized  tissue,  thereby  making  their  utiliza- 
tion analogous  to  the  growth  requirement.  We  pointed  out  that 
the  proteins  investigated  showed  a  higher  efficiency  for  milk 
production  or  restoration  of  utilized  tissue  than  during  growth 
alone.  This  was  explained  on  the  assumption  that  the  catabo- 
lized  tissue  so  supplemented  the  amino-acids  originating  from  the 
ingested  proteins  as  to  raise  their  real  efficiency — a  condition  aris- 
ing because  of  the  negative  nitrogen  balance  of  the  animal.  In 
the  light  of  the  modern  theory  of  protein  metabolism  it  would  be 
unnecessary  to  assume  that  milk  protein  production  was  at  the 
expense  of  body  tissue,  but  rather  that  it  was  sustained  directly 
by  the  amino-acids  arising  from  the  proteins  of  the  ration. 

After  recognizing  this  inequality  of  proteins  for  milk  produc- 
tion it  was  apparent  that  further  studies,  because  of  theoretical 
interest  and  practical  importance,  should  be  made  of  the  efficiency 
for  milk  production  of  the  common  protein  concentrates  used  in 
feeding  milking  animals.  During  the  past  year  we  have  studied 
the  utilization  of  the  proteins  of  gluten  feed,  distiller's  grains,  oil 
meal,  casein,  and  skim  milk  powder.  Gluten  feed  represents  the 
proteins  from  the  endosperm  of  the  corn  kernel  and  what  is  in- 
cluded in  the  outer  bran  layers.  The  embryo  is  not  present;  this 
is  an  important  distinction  to  be  kept  in  mind.  Distiller's  grains 
may  be  derived  wholly  from  the  corn  grain,  but  contain  the  em- 
bryo and  its  proteins.  Some  brands  of  distiller's  grains  may 
contain,  besides  corn,  a  small  proportion  of  barley  and  rye.  The 
brand  used  in  this  work  was  known  as  "Ajax"  and  we  were  as- 
sured that  it  was  derived  wholly  from  the  corn  kernel.  The  oil 
meal  used  was  common  "Old  Process  Meal,"  the  residue  from  the 
flaxseed  after  expressing  the  oil  by  heat  and  pressure.  The  milk 
products  were  the  common  stock  products  of  the  market. 

Plan  of  Experiment. 

The  plan  of  experimentation  was  to  use  a  basal  ration  consist- 
ing of  corn  stover,  silage,  corn  meal,  and  starch,  to  which  would 
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be  added  the  concentrates.  The  basal  ration  was  maintained 
constant  in  relation  to  its  source  and  proportion  of  nutrients  for 
any  individual  in  the  different  periods,  the  only  variable  in  suc- 
ceeding periods  being  the  concentrate  and  starch.  These  were 
supplied  in  such  quantities  as  to  make  the  plane  of  protein  intake 
and  net  available  energy  uniform  in  the  several  periods.  As  illus- 
trative of  the  proportions  of  the  various  food  materials  in  the 
ration  when  an  animal  was  receiving  daily  approximately  50 
pounds  of  material  the  following  table  is  appended. 

TABLE  I. 
Source  and  Proportion  of  Nutrients  Used. 


Corn  stover. 
Corn  silage. 
Corn  meal. . 
Concentrate 
Starch 

Total 


Gluten 

feed 
ration. 

Distiller's 

grain 

ration. 

Oil  meal 
ration. 

Casein 
ration. 

lbs. 
11.0 

23.5 
9.5 
5.0 
1.0 

lbs. 
11.0 

23.5 
9.5 
4.3 

1.7 

lbs. 

11.0 

23.5 

9.5 

3.5 

2.35 

lbs. 
11.0 

23.5 
9.5 
1.65 
4.0 

50.0 

50.0 

49.85 

49.65 

81rimmilk 
powder 
ration. 


lbs. 

11.0 

23.5 

9.5 

3.1 

2.5 

49.6 


Three  pure-bred  Holsteins  of  large  milking  capacity  were  used 
for  the  work.  Under  normal  herd  management  these  animals 
produced  from  45  to  55  pounds  of  milk  daily.  They  were  not 
with  calf.  The  animals  were  maintained  in  a  comfortable  place 
and  all  excreta  quantitatively  collected.  They  were  milked  twice 
daily  and  exercised  two  to  three  times  a  week.  Weights  were 
taken  weekly.  The  plan  was  to  place  each  individual  on  any  one 
of  the  rations  for  a  4  week  period  with  immediate  change  to  an- 
other concentrate,  thus  involving  each  animal  in  16  to  20  weeks 
of  observation.  Preliminary  to  making  the  first  records  there 
was  a  feeding  period  of  1  week. 

The  urine  and  feces  were  analyzed  daily  for  nitrogen,  while  a 
weekly  analysis  was  made  of  a  7  day  composite  of  milk.  Our 
earlier  observations  had  shown  that  with  the  nutrients  from  the 
corn  grain,  gluten  feed,  and  corn  stover,  and  a  daily  production  of 
about  20  pounds  of  milk  of  average  composition,  the  nitrogen 
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equilibrium  could  not  be  maintained  with  a  nutritive  ratio  of 
1 : 8,  equivalent  to  a  plane  of  digestible  protein  intake  of  approxi- 
mately 7  per  cent,  or  of  a  total  protein  content  of  from  9  to  10 
per  cent  of  the  ration.  Nitrogen  equilibrium  could,  however,  be 
maintained  even  with  somewhat  higher  production  when  the 
proteins  were  derived  from  skim  milk.  For  these  reasons  it  was 
planned  to  use  rations  with  a  nutritive  ratio  of  approximately 
1 : 8,  as  it  was  essential  that  the  animals  be  in  negative  nitrogen 
balance  or  just  in  equilibrium  in  studies  of  this  character.  With 
an  excess  of  nitrogen  and  the  animal  in  positive  balance  relative 
efficiency  of  proteins  for  milk  production  cannot  be  determined. 
The  composition  of  the  rations  used  is  shown  in  Table  II. 


TABLE  II. 

Composition  of  Rations. 


Weight. 


Nitrogen. 


Total  N. 


Production. 


Digestible 

protein. 

Nutritive 

ratio. 


Gluten  feed  ration. 


Corn  stover. 
Corn  silage. 
Corn  meal.. 


Gluten  feed 
Starch 


Total. 


lb$. 

percent 

gm. 

therm* 

11.0 

0.62 

29.96 

2.91 

23.5 

0.36 

42.00 

3.33 

9.5 

1.30 

56.06 

8.43 

5.0 

3.90 

88.53 

3.96 

1.0 

0.08 

0.36 

1.00 

50.0 

216.91 

19.63 

2  lbs.  diges- 
tible pro- 
tein. 


1:8 


Distiller's  grains   (Ajax)  ration. 


Corn  stover 

Corn  silage 

Corn  meal 

Distiller's  grains. 
Starch 


Total. 


11.0 

0.62 

29.96 

2.91 

23.5 

0.36 

42.00 

3.33 

9.5 

1.30 

56.06 

8.43 

4.3 

4.63 

90.37 

3.40 

1.7 

0.08 

0.61 

1.70 

50.0 

219.00 

19.77 

1:8 
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TABLE  Il-Concluded. 


Weight. 


Nitrogen. 


Total  N. 


Production. 


Digestible 

protein. 

Nutritive 

ratio. 


Oil  meal  ration. 


Corn  stover. 
Corn  silage.. 
Corn  meal... 
Oil  meal.  ... 
Starch 

Total 

Corn  stover. 
Corn  silage.. 
Corn  meal... 

Casein 

Starch 

Total 

Corn  stover . 
Corn  silage.. 
Corn  meal... 
Milk  powder 
Starch 

Total 


11.0 

0.62 

29.96 

2.91 

23.5 

0.36 

42.00 

3.33 

9.5 

1.30 

56.06 

8.43 

3.5 

5.39 

85.64 

2.76 

2.35 

0.08 

0.84 

2.35 

49.85 

214.50 

19.78 

1:8 


Casein  ration. 


11.0 

0.62 

29.96 

2.91 

23.5 

0.36 

42.00 

3.33 

9.5 

1.30 

56.06 

8.43 

1.65 

11.59 

86.81 

1.65 

4.00 

0.08 

1.45 

4.00 

49.65 

• 

216.28 

20.32 

1:8 


Skim  milk  ration. 


11.0 

0.62 

29.96 

2.91 

23.5 

0.36 

42.00 

3.33 

9.5 

1.30 

56.06 

8.43 

3.1 

6.00 

84.42 

3.10 

2.5 

0.08 

0.90 

2.50 

49.60 

213.34 

20.27 

1:8 


The  rations  were  approximately  identical  in  content  of  total 
protein  and  therms.  The  net  energy  available  conformed  closely 
to  Armsby's  standard  of  7  therms  for  maintenance  and  0.3  therm 
for  each  pound  of  milk  produced  by  a  1,000  pound  cow.  These 
animals  had  an  initial  weight  of  1,090,  1,085,  and  1,120  pounds 
respectively,  and  produced  daily  about  40  pounds  of  milk.  The 
rations  contained  approximately  2  pounds  of  digestible  proteins, 
50  per  cent  of  which  came  from  the  particular  concentrate  under 
investigation. 
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In  Tables  III,  IV,  and  V  are  recorded  the  nitrogen  balances 
and  the  nitrogen  elaboration  in  the  milk  by  weekly  periods.  The 
figures  represent  the  intake  and  outgo  for  the.  total  7  days. 

TABLE  III. 

Record  of  Nitrogen  Balance,  Milk  Nitrogen,  Etc.,  in  Gm. 

Animal  1.    Holstein. 


Date. 


N 

intake. 

N 

feoes. 

N 

abeorbed. 

N 

urine. 

N 
milk. 

N 


Gluten  feed  ration. 


Dec.    5-11 

"  12-18. . . . 
19-25  . . . 
26-Jan.  1 


M 


it 


1,316 

658 

658 

407 

646 

1,316 

692 

624 

357 

600 

1,316 

673 

643 

306 

564 

1,316 

677 

639 

350 

535 

-395 
-332 
-227 
-246 


Oil  meal  ration. 


Jan.    2-  8. 
9-15. 
16-22. 
23-29. 


<< 


«« 


a 


1,307 

598 

709 

230 

540 

1,307 

521 

786 

297 

558 

1,307 

550 

757 

304 

525 

1,307 

605 

702 

255 

525 

-61 
-69 
-72 
-78 


Distiller's  grains  (Ajax)  ration. 


Jan.  30-Feb.  5. 

Feb.    6-12 

"     13-19 

20-26 


« 


1,326 

672 

654 

271 

476 

1,326 

694 

632 

252 

458 

1,326 

689 

637 

271 

468 

1,326 

621 

705 

247 

454 

-  93 

-  78 
-102 

-f     4 


Casein  ration. 


Feb.  27-Mar.  4. 
Mar.    5-11 

12-18 

19-25 


4« 


« 


1,316 

587 

729 

302 

462 

1,316 

607 

709 

325 

467 

1,316 

594 

722 

303 

443 

1,316 

630 

686 

301 

469 

-35 
-83 
-24 

-84 


In  addition  to  the  tables,  charts  are  added  showing  the  positive 
or  negative  nitrogen  balance  with  the  rations  and  the  grains  of 
nitrogen  produced  in  the  milk. 

A  survey  of  the  data  presented  indicates  the  inferiority  of  the 
gluten  feed  proteins  as  supplements  to  corn  plant  proteins  when 


* 

E.  B.  Hart  and  G.  C.  Humphrey 


463 


compared  with  any  of  the  other  concentrates  used.  A  negative 
nitrogen  balance  prevailed  with  all  animals  on  all  the  rations  with 
the  exception  of  two  periods  on  skim  milk  feeding,  when  a  slight 
positive  balance  was  recorded.     But  with  all  the  animals  the 

TABLE  IV. 

Record  of  Nitrogen  Balance,  Milk  Nitrogen,  Etc.,  in  Om. 

Animal  $.    Holstein. 


Dec.  26-Jan.  1 

Jan.    2-8 

9-15.... 

16-22.... 

"     23-29.... 


M 


M 


Date. 

N 

intake. 

N 
feeea. 

N 
absorbed. 

N 

urine. 

N 
milk. 

N 
balance. 

Gluten  feed  ration. 

Dec.   5-11 

1,609 
1,379 
1,118 

790 
755 
588 

819 
624 
530 

350 
349 
350 

680 
612 
485 

-211 

"     12-18 

-337 

"     19-25 

-305 

Oil  meal  ration. 

1.306 

598 

708 

292 

503 

1,306 

580 

726 

295 

528 

1,306 

553 

753 

278 

536 

1,306 

571 

735 

296 

534 

1,306 

562 

744 

276 

523 

•87 
97 
61 
95 
55 


Distiller's  grains  (Ajax)  ration. 


Jan.  30-Feb.  5. 
Feb.    fr-12 

13-19 

20-26 


u 


u 


Feb.  27-Mar.  4 
Mar.    5-11 

"      12-18 

"      19-25 


1,326 

619 

707 

243 

500 

1,326 

706 

620 

240 

498 

1,326 

689 

637 

233 

480 

1,326 

662 

664 

248 

457 

Casein  ration. 


-  36 
-118 

-  76 

-  41 


1,316 

596 

720 

295 

498 

1,316 

587 

729 

302 

474 

1,316 

586 

730 

291 

448 

940 

333 

507 

239 

346 

-73 
-47 
-  9 

+22 


negative  balance  was  very  much  larger  with  the  gluten  feed  ration 
than  with  any  of  the  other  concentrates.  With  practically  the 
same  intake  of  nitrogen  the  gluten  feed  period  would  invariably 
show  a  much  larger  total  output  of  nitrogen  in  the  urine  than  dur- 
ing an  oil  meal  or  Ajax  period.    The  same  is  generally  true  when 
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only  absorbed  nitrogen  is  considered.  For  example,  Animal  2 
during  the  3  weeks  on  gluten  feed  absorbed  1,974  gm.  of  nitrogen 
and  excreted  1,040  gm.  in  the  urine,  while  during  a  like  period  on 
oil  meal  it  absorbed  2,187  and  excreted  865  gm.  and  on  distiller's 


table  v. 

Record  of  Nitrogen  Balance,  Milk  Nitrogen,  Etc.,  in  Gm. 

Animal  5.    HoUtein. 


Date. 


N 
intake. 

N 
feces. 

N 
absorbed. 

N 
urine. 

N 
milk. 

N 
balance. 


Oil   meal    ration. 


Dec.  5-11.... 
"  12-18.... 
"  19-25.... 
"     26-Jan.  1 


1,452 

627 

825 

376 

625 

1,452 

660 

792 

324 

592 

1,452 

652 

800 

301 

569 

1,452 

647 

805 

272 

565 

176 

124 

70 

32 


Gluten  feed  ration. 


Jan.  2-  8. 

"  9-15 

"  16-22. 

"  2^-29. 


1,436 

640 

796 

356 

513 

1,436 

699 

737 

348 

532 

1,436 

735 

701 

388 

510 

1,436 

767 

769 

393 

521 

73 
143 
197 
245 


Distiller's  grains  (Ajax)  ration. 


Jan.  30-Feb.  5. 
Feb.    6-12 

"     13-19 

"     20-26 


1,473 

776 

697 

327 

477 

1,473 

791 

682 

292 

478 

1,473 

781 

692 

334 

465 

1,473 

691 

682 

337 

456 

-107 

-  88 
-107 

-  11 


Milk  powder  ration. 


Feb.  27-Mar.  4 

Mar.    5-11 

12-18.  ... 


u 


1,306 

612 

694 

285 

413 

1,316 

578 

738 

294 

434 

1,316 

517 

799 

308 

428 

-  4 
+10 
+63 


grains  absorbed  1,964  gm.  and  excreted  716  gm.  The  absorbed 
nitrogen  was  not  being  used  as  efficiently  during  the  gluten  feed 
periods  as  it  was  during  the  periods  of  the  other  concentrates. 

There  was  much  less  difference  between  the  utilization  of  the 
proteins  of  oil  meal  and  distiller's  grains  than  between  gluten 
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Chart   1.    Animal  1.     Showing   the   nitrogen    balances   with   different 
sources  of  protein  and  the  milk  nitrogen  production. 
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Chart  2.     Animal  2.     .Showing  the  nitrogen  balances  with  the  different 
ourcea  of  protein  and  the  milk  nitrogen  production. 
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Chart  3.  Animal  3.  Showing  the  nitrogen  balances  with  the  different 
sources  of  protein  and  the  milk  nitrogen  production.  Attention  should  be 
called  to  the  high  production  of  milk  nitrogen  and  positive  nitrogen  balance 
with  the  proteins  from  milk  powder. 


feed  and  oil  meal  or  distiller's  grains.  Since  the  distiller's  grains 
were  derived  from  corn  and  include  the  embryo  it  is  necessary  to 
attribute  to  the  proteins  of  the  embryo  of  this  grain  a  high  ef- 
ficiency. It  was  surprising  to  note  how  close  an  approach  to  ni- 
trogen maintenance  could  be  made  with  oil  meal  or  distiller's 
grains  and  yet  keep  the  nutritive  ratio  1 : 8.  While  this  ration  did 
not  accomplish  this,  yet  the  milk  powder  ration  used  in  the  same 
ratio  did.  We  are  not  contending  that  the  widest  nutritive  ratio 
compatible  with  nitrogen  equilibrium  subserves  the  best  physio- 
logical status  of  these  producing  animals,  but  our  data  do  show  a 
large  inequality  in  protein  concentrates  for  the  nitrogen  main- 
tenance of  milking  animals.  Whether  that  quantity  of  proteins 
just  sufficient  for  maintenance  and  milk  production  is  the  physio- 
logical quantity,  or  whether  a  liberal  excess  with  its  specific  dynam- 
ic properties  meets  the  needs  best,  involves  again  the  much  dis- 
cussed but  unsettled  question  of  protein  minimum. 
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Conforming  with  our  earlier  studies,  these  data  again  reveal 
the  marked  effect  of  the  forces  of  maternity  in  maintaining  milk 
production  at  a  very  high  level  and  for  a  very  long  time  although 
the  animals  were  in  negative  nitrogen  balance  for  practically  16 
weeks.  Their  initial  live  weights  were  1,090,  1,085,  and  1,120 
pounds  respectively,  while  their  weights  at  the  time  of  termina- 
ting the  experiment  were  1,023,  1,008,  and  1,038  pounds.  Live 
weight  had  not  greatly  decreased,  although  the  animals  plainly 
showed  emaciation  and  partial  depletion  of  muscular  tissue. 

It  should  be  made  clear,  however,  that  there  was  a  gradual 
falling  off  in  the  total  quantity  of  protein  elaborated  in  the  milk, 
as  well  as  a  slight  lowering  in  the  solids  not  fat  and  in  the  fat,  as 
the  negative  nitrogen  balance  continued.  The  volume  of  milk 
also  shrank  slightly  after  prolonged  negative  balance,  but  yet 
was  remarkably  sustained  for  a  period  of  2  months. 

To  show  these  effects  the  composition  and  volume  of  the  milk 
secreted  by  the  several  animals  at  different  periods  of  observation 
are  given  in  Table  VI. 


TABLE  VI. 


Showing  the  Tendency  of  the  Milk  to  Become  Poorer  as  the  A  nimate  Continued 

in  Negative  Nitrogen  Balance. 


Animal 
No. 

Dec.  12. 

Jan.  9. 

Feb.  6. 

Mar.  12. 

1 

Total  solids,  per  cent 

Fat,  per  cent 

11  9 
3.3 
0.48 

43.0 

11.2 
3.0 
0.40 

43.0 

10.7 
2.6 
0.37 

42.0 

10.7 
2.6 

Nitrogen,  per  cent 

Daily  lbs.  milk 

0.43 
35.0 

o 

Total  solids,  per  cent 

Fat,  per  cent 

12.1 
3.7 
0.45 

48.0 

11.1 
3.0 
0.39 

43.0 

11.7 
3.5 
0.38 

43.0 

11.3 
3.1 

• 

Nitrogen,  per  cent 

Daily  lbs.  milk 

0.41 
35.0 

3 

Total  solids,  per  cent 

Fat,  per  cent 

11.7 
3-2 
0.43 

43.0 

11.3 
3.0 
0.40 

38.0 

11.9 
3.2 
0.40 

37.0 

10.7 
3.1 

Nitrogen,  per  cent 

Daily  lbs.  milk 

0.42 
30.0 
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Efficiency  of  Concentrates  Compared. 

Any  attempt  to  compare  the  efficiency  of  these  protein  concen- 
trates for  milk  production  must  not  only  involve  the  quantity  of 
protein  secreted  in  the  milk,  but  also  the  quantity  of  protein 
catabolized  or  stored  during  the  periods  of  observation.  On  a 
negative  nitrogen  balance  the  supplementing  effect  of  catabolizing 
tissue  will  probably  raise  the  efficiency  above  its  real  value  and 
thereby  make  a  given  concentrate  appear  of  greater  worth  for 
milk  production  than  for  growth.  This  is  inherent  in  the  method 
of  calculation  and  experimentation  and  we  recognize  the  error 
introduced. 

For  purposes  of  making  definite  comparisons,  however,  we  have 
calculated  the  percentage  of  efficiency  for  the  various  materials 
used  on  the  basis  of  absorbed  nitrogen,  tissue  anabolized  or  catab- 
olized, and  milk  proteins  produced.  Manifestly  the  absorbed 
nitrogen  should  be  used  in  the  calculation  rather  than  the  total 
nitrogen  ingested.    In  Table  VII  these  comparisons  are  shown. 


table  vn. 

Relative  Efficiency  for  Milk  Production  of  the  Proteins  of  Gluten  Feed,  Dis- 
tiller's Grains,  Oil  Meal,  Casein,  and  Skim  Milk  Powder. 


Ani- 
mal 
No. 


1 


Date. 


Dec.    5-Jan.  1 

Jan.     2-29 

"     30-Feb.  26 
Feb.  27-Mar.  26 


Dec.    5-Dec.  25 

"     26- Jan.  29 

Jan.  30-Feb.  26 

Feb.  27-Mar.  25 


Dec.    5- Jan.    1 
Jan.    2- Jan.  29 
"     30-Feb.  26 
Feb.  27-Mar.  18 


Ration. 


Gluten  feed 

Oil  meal 

Distiller's  grains 

Casein 

Gluten  feed 

Oil  meal 

Distiller's  grains 

Casein 

Oil  meal 

Gluten  feed 

Distiller's  grains 

Milk  powder 


N 
absorbed. 

N    in   milk 
*ti»ue. 
N  formed  or 
destroyed. 

gm. 

gm. 

2,564 

1,145 

2,954 

1,868 

2,628 

1,577 

2  846 

1,615 

1,973 

924 

3,666 

2,229 

2,628 

1,664 

2,686 

1,659 

3,222 

1,749 

3,003 

1,418 

2,753 

1,563 

2,231 

1,344 

Efficiency. 


per  cent 

44 
63 
60 
56 

46 
60 
63 
61 

60 
46 
56 
60 
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The  average  percentage  of  efficiency  with  the  three  animals 
■a,  on  gluten  feed  45,  oil  meal  61,  distiller's  grains  60,  casein  59, 
d  for  the  single  individual  on  milk  powder  60.  There  was  a 
we  and  constant  agreement  among  the  different  individuals  re- 
iving the  same  ration.  With  the  rations  used,  gluten  feed  showed 
wnparatively  low  efficiency.  The  other  materials  ranged  about 
per  cent  higher  and  were  in  close  agreement  with  each  other, 
lart  4  illustrates  these  differences  and  includes  the  data  col- 
led last  year  for  the  proteins  of  the  wheat  grain  (wheat  meal 
d  wheat  gluten),  corn  grain  (corn  meal  and  gluten  feed),  and 
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" 

MM 

■HUT 

|U 

•SI" 

mIl 

"EShSr" 

■MM 

Hit 

II 

1 

1 

1 

1 

1 

1 

Chabt  4.  This  chart  illustrates  the  comparative  efficiency  for  milk 
xluction  of  the  proteins  from  the  concentrates  indicated.  In  1915  the 
ti  ration  derived  its  concentrate  from  gluten  feed  and  the  wheat  ration 
m  wheat  gluten. 

Ik  powder  supplementing  corn  stover.  It  should,  of  course,  be 
rne  in  mind  that  the  efficiency  of  a  protein  mixture  will  depend 
on  the  source  and  proportion  of  the  feeds  constituting  that 
xture.  For  that  reason  permanently  fixed  percentages  will  prob- 
ly  be  impossible  for  any  concentrate.  Their  efficiency  in  any 
aer  mixture  may  be  in  the  order  determined  by  these  experi- 
jnts,  but  that  can  only  be  known  definitely  when  more  experi- 
mts  are  available.  For  example,  gluten  feed  may  or  may  not 
ve  the  same  percent-age  efficiency  when  clover  hay  forms  the 
ughage.    Attention  should  be  called  to  the  very  high  percent- 
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age  of  utilization  in  this  mixture  of  the  proteins  of  oil  meal  and  dis- 
tiller's grains  and  their  favorable  comparison  with  casein  and 
skim  milk  powder,  which  is  taken  as  representing  the  maximum 
attainable.  This  high  efficiency  is  partly  due  no  doubt  to  the 
additional  supplementing  they  received  from  the  catabolizing  tis- 
sue of  the  animal,  made  necessary  by  a  negative  nitrogen  balance, 
and  would  account  for  the  higher  utilization  such  a  mixture 
showed  when  compared  with  the  utilization  during  growth.  For 
example,  Professor  McCollum2  has  found  that  on  a  mixture  of 
75  per  cent  of  corn  proteins  and  25  per  cent  of  oil  meal  proteins 
a  pig  will  show  a  retention  of  approximately  40  per  cent  of  the 
nitrogen  of  the  ration,  while  60  to  65  per  cent  of  milk  protein 
nitrogen  will  be  retained  on  the  same  level  of  protein  feeding;  yet 
it  should  be  clear  that  these  proteins  of  oil  meal  and  distiller's 
grains  are  superior,  in  the  mixture  used,  to  those  from  gluten  feed, 
which  likewise  had  available  the  supplementing  amin6-acids  of 
catabolizing  tissue. 

SUMMARY. 

Data  are  presented  on  the  comparative  value  for  milk  produc- 
tion of  the  proteins  of  gluten  feed,  oil  meal,  distiller's  grains, 
casein,  and  skim  milk  powder. 

These  concentrates  furnished  50  per  cent  of  the  total  digestible 
proteins  of  the  ration  and  were  used  to  supplement  a  basal  ration 
of  corn  stover,  corn  silage,  and  corn  meal.  The  total  protein  in- 
take constituted  about  10  per  cent  of  the  dry  matter  of  the  ration 
and  the  nutritive  ratio  was  approximately  1 : 8. 

With  a  daily  production  of  40  to  45  pounds  of  milk  carrying 
10  to  12  per  cent  of  total  solids,  negative  nitrogen  balance  per- 
sisted throughout  the  experiment  of  16  weeks'  duration.  Only 
during  the  period  of  skim  milk  powder  feeding  was  one  of  the 
animals  storing  nitrogen.  In  spite  of  this  long  negative  balance 
milk  secretion  continued  at  the  expense  of  catabolizing  tissue. 
The  total  yield  and  total  solids  of  the  milk  declined  slightly  after 
2  months  of  continuous  negative  nitrogen  balance. 

There  was  a  marked  difference  in  the  utilization  of  the  concen- 
trates; gluten  feed  showed  a  percentage  efficiency  of  45/ oil  meal 

1  Unpublished  data  from  this  laboratory. 
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61,  distiller's  grains  60,  casein  59,  and  skim  milk  powder  60. 
These  data  represent  the  efficiency  in  the  mixture  used. 

Possible  errors  in  calculation  may  arise  from  the  supplementing 
effect  of  the  catabolizing  tissue,  thereby  raising  the  figures  above 
their  true  value,  but  nevertheless  they  do  have  comparative 
worth.  Other  roughages  will  be  used  in  a  further  study  of  this 
problem. 

These  studies  furnish  additional  evidence  that  the  nutritive' 
ratio  or  plane  of  protein  intake  for  milk  production  may  vary 
according  to  the  nature  of  the  concentrates  and  basal  ration  used. 
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INTRODUCTION. 

When  the  investigations  on  the  colorimetric  method  for  the 
determination  of  nitrogen  were  begun  in  this  laboratory  some 
years  ago  it  was  hoped  that  it  would  be  possible  to  Nesslerize 
directly  the  ammonia  produced  by  the  destructive  digestion  of 
the  urine  with  sulfuric  acid  and  catalyzers.1  No  satisfactory 
solution  of  this  problem  was  found,  and  aeration,  which  had 
proved  so  useful  in  Folin's  method  for  the  determination  of 
ammonia  in  urine,  was  adopted  for  the  preliminary  removal  of 
the  ammonia  from  the  digestion  mixtures. 

The  removal  of  the  ammonia  as  a  feature  of  the  method  was 
only  tentatively  adopted,  and  we  have  never  entirely  given  up 

1  Folin,  O.,  and  Farmer,  C.  J.,  /.  Biol.  Chem.,  1912,  xi,  493. 
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the  hope  of  finding  a  practical  way  of  eliminating  this  step.  In 
the  meantime  others  have  made  attempts  to  solve  this  problem. 
Gulick,2  Bock  and  Benedict,3  and  Taylor4  have  described  proced- 
ures for  directly  Nesslerizing  the  digestion  mixtures.  The  chief 
obstacle  in  the  way  of  direct  Nesslerization  is,  however,  the  pres- 
ence of  large  amounts  of  sulfates,  which  leads  to  precipitation  of 
the  colored  mercury  ammonium  compound  used  for  the  color 
comparison.  Folin  and  Farmer  adopted  sulfuric  acid  and  po- 
tassium sulfate  for  the  destructive  digestion  of  the  urine,  but  did 
so  only  after  they  had  decided  to  give  up  the  direct  Nessleriza- 
tion of  the  digestion  mixture.  The  other  authors  named  above 
have  made  use  of  essentially  the  same  digestion  mixture  as  Folin 
and  Farmer,  and  have  therefore  been  working  under  the  least 
favorable  conditions  from  the  standpoint  of  direct  Nessleriza- 
tion. We  have  now  attacked  the  problem  in  another  way  and 
believe  that  we  have  found  an  almost  ideal  method  for  the  colori- 
metric  estimation  of  total  nitrogen  in  urine  by  direct  Nessleriza- 
tion of  the  digestion  mixtures. 

The  Destructive  Digestion  of  Urine. 

The  starting  point  of  our  investigation  was  the  discovery  that 
phosphates  interfere  very  little,  if  at  all,  certainly  much  less 
than  sulfates,  with  the  Nesslerization  of  ammonia.  This  dis- 
covery virtually  solved  the  problem,  for  it  has  long  been  known 
that  mixtures  of  sulfuric  acid  and  phosphoric  acid  are  very  ef- 
fective in  connection  with  destructive  digestions  of  nitrogenous 
materials.  The  proportion  of  phosphoric  acid  heretofore  used 
for  the  purpose  is,  however,  rather  small  (one  part  of  phosphoric 
anhydride  to  five  of  sulfuric  acid)  in  comparison  with  the  pro- 
portions which  we  wished  to  use  and  can  use  in  micro  digestions. 
In  ordinary  long  macro  digestions  the  usefulness  of  phosphoric 
acid  as  an  accessory  catalyzer  is  limited  by  the  fact  that  at  very 
high  temperatures  the  digestion  flasks  are  speedily  and  com- 
pletely corroded  by  the  non-volatile  phosphoric  acid.  Even 
pure  silica  ware  is  attacked  above  400°  C.  by  phosphoric  acid. 

*  Gulick,  A.,  /.  Biol.  Chem.,  1914,  xviii,  541. 

*  Bock,  J.  C,  and  Benedict,  S.  R.,  J.  Biol.  Chem.,  1915,  xx,  52. 
4  Taylor,  A.  E.,  and  Hulton,  F.,  J.  Biol.  Chem.,  1915,  xxii,  63. 
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The  rapid  etching  of  the  glass  by  phosphoric  acid  is  by  no  means 
avoided  even  in  our  micro  digestion,  and  this  somewhat  unfor- 
tunate feature  we  have  had  to  accept.  This  drawback  is,  how- 
ever, a  small  one  in  comparison  with  the  many  advantages  gained. 
We  employ  ordinary  phosphoric  acid  "syrup"  (containing  about 
83  per  cent  H3PO4),  and  have  tried  various  proportions  between 
five  volumes  of  phosphoric  acid  to  one  of  sulfuric  acid  and  one 
of  phosphoric  acid  to  two  of  sulfuric  acid.  In  each  case  we  use 
1  cc.  of  the  acid  mixture  for  the  digestion,  so  that  the  amount  of 
sulfuric  acid  used  has  varied  between  two-thirds  and  one-sixth 
of  1  cc. 

The  larger  the  proportion  of  phosphoric  acid  the  more  rapid 
is  the  digestion  (in  the  absence  of  other  catalyzers)  and  the  easier 
is  it  to  Nesslerize  the  ammonia  produced  without  getting  tur- 
bidity. But  the  larger  the  proportion  of  phosphoric  acid  the 
more  rapid  is  the  action  on  glass.  The  silica  thus  liberated  forms 
a  heavy,  conspicuous  sediment  in  the  digestion  mixture.  This 
sediment  does  not  interfere  with  the  Nesslerization  of  the  am- 
monia, but  it  must  be  removed  before  the  color  comparison  is 
made.  We  remove  it  by  help  of  a  centrifuge  from  a  small  por- 
tion of  the  Nesslerized  solution.  It  can  also  be  removed  by  filter- 
ing through  small  plugs  of  cotton,  but  not  through  paper,  be- 
cause paper  absorbs  a  part  of  the  coloring  matter.  Because  of 
the  formation  of  silica  from  the  glass  we  usually  prefer  to  use 
test-tubes  of  silica.  The  phosphoric-sulfuric  acid  mixtures 
mentioned  attack  silica  test-tubes  to  such  a  slight  degree  that 
unless  the  digestion  is  continued  unnecessarily  long,  clear  solu- 
tions are  obtained  from  the  digestion  mixtures  and  one  operation, 
namely  the  removal  of  the  silica,  is  saved.  The  chief  draw- 
back to  the  use  of  silica  tubes  is  their  initial  cost,  though  they 
seem  to  last  indefinitely,  except  for  mechanical  breakage.  Also 
the  heavy  "semitransparent"  tubes  which  we  use  are  rather 
opaque  so  that  the  progress  of  the  digestion  is  less  readily  ob- 
served than  when  glass  tubes  are  used.  The  light  foam  formed 
during  the  early  stages  of  the  digestion  can  scarcely  be  seen 
through  these  tubes,  and  careful  watching  is  necessary  to  keep 
the  contents  from  foaming  out  of  the  tube. 

Hard  glass  test-tubes  of  rather  large  size  (200  mm.  X  13  to 
15)  are  preferable  to  small  ones.     These  tubes  will  last  longer  if 
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the  bottom  is  somewhat  thickened  by  heating  over  a  hot  flame. 
This  operation  does  not  take  more  than  2  or  3  minutes,  and  the 
pear-shaped  bottom  of  the  tubes  obtained  is  rather  an  advantage 
because  of  the  small  total  volume  of  the  digestive  mixture.  It 
is,  however,  not  at  all  essential  that  the  form  of  the  test-tubes 
be  thus  altered. 

In'  the  course  of  our  endeavors  to  determine  which  acid  mix- 
ture, if  any,  is  the  most  suitable  for  use  with  glass  tubes  we  have 
found  that  a  little  copper  sulfate  added  as  an  accessory  catalyzer 
greatly  accelerates  the  speed  of  the  digestion  and  thereby  also 
reduces  the  corroding  action  on  the  glass  tubes.  The  catalytic 
effect  of  the  copper  on  the  destructive  digestion  is  not  equally 
striking  with  all  mixtures  of  phosphoric  and  sulfuric  acid.  With 
the  mixture  5:1  the  digestion  is  scarcely,  if  at  all,  hastened  by 
the  addition  of  copper. 

The  following  protocol  may  be  cited  to  indicate  the  course 
of  the  destructive  digestion  on  urine.  A  sample  of  urine  of 
rather  more  than  average  resistance  was  diluted  so  that  1  cc. 
contained  1.5  mg.  nitrogen.  Two  small  drops  (^  cc.)  of  10 
per  cent  copper  sulfate  were  used  in  each  digestion,  and  the  diges- 
tions were  as  nearly  similar  with  respect  to  heat  as  possible. 
The  digestion  time  was  counted  from  the  first  appearance  of 
white  sulfuric  acid  fumes  in  the  tubes. 
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Digestion  time. 

min. 

0 

1 

30 

1 

2 

25 

1 

1 

9 

2 

1 

2.5 

3 

1 

2.5 

5 

1 

3 

From  the  results  noted  above  it  would  seem  that  a  mixture 
containing  two  or  three  volumes  of  phosphoric  acid  to  one  of 
sulfuric  acid  is  most  suitable  for  the  destructive  digestion  of 
urine.  Since  the  action  on  the  glass  in  each  case  is  small,  and 
since  phosphates  are  to  be  preferred  to  sulfates  from  the  stand- 
point of  Nesslerization,  the  mixture  having  the  higher  proportion 
of  phosphoric  acid  (3:1)  is  on  the  whole  to  be  preferred. 
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The  use  of  copper  sulfate  as  a  catalyzer  in  digestion  mixtures 
which  are  to  be  Nesslerized  may  seem  a  doubtful  expedient. 
So  long  as  we  worked  with  silica  test-tubes  there  was  no  need 
for  any  accessory  catalyzer  and  we  did  not  try  the  effect  of  cop- 
per; but,  in  connection  with  test-tubes  of  glass,  it  did  seem  im- 
portant to  reduce  the  corrosion  by  shortening  the  digestion 
period,  and  it  was  thought  that  the  added  copper  would  be  re- 
moved as  copper  phosphate  together  with  the  silica  during  the 
centrifuging  process.  In  the  presence  of  phosphates,  however, 
copper  in  small  amounts  is  dissolved  by  sodic  hydrate  so  that 
the  presence  of  the  copper  does  not  interfere  with  the  final  Ness- 
lerization  of  the  digestion  mixtures.  This  valuable  accessory 
catalyzer  can  therefore  be  used,  and  is  added  to  the  standard 
as  well  as  to  the  digestion  mixtures. 

As  to  the  amount  of  copper  sulfate  needed,  we  find  that  jls 
of  1  cc.  of  a  10  per  cent  solution  is  enough  (i.e.,  two  drops  from 
a  1  cc.  pipette  which  delivers  29  to  30  drops  when  emptied). 
It  is  a  curious  fact  that  the  difference  between  the  effect  on  the 
digestion  of  one  such  small  drop  and  two  drops  of  copper  sulfate 
is  almost  as  great  as  that  between  one  drop  and  none.  With 
one  drop  the  digestion  time  with  one  highly  resistant  urine  was 
about  1Q  minutes;  with  two  drops  it  sank  to  less  than  3  minutes 
(with  the  acid  mixture  3:1). 

The  final  color  of  the  digestion  mixture  when  copper  sulfate 
is  added  in  the  proportions  indicated  is  sometimes  a  light  straw 
yellow  or  green  instead  of  blue,  particularly  in  the  case  of  urines 
containing  much  carbonaceous  matter.  A  similar  phenomenon 
is  obtained  when  "too  much  copper"  is  used  in  connection  with 
ordinary  macro  Kjeldahl  digestions.  The  current  view  that  copper 
sulfate  functions  as  a  self-regenerating  catalyzer  in  relation  to  the 
oxidations  accompanying  the  Kjeldahl  digestion  is  rather  nega- 
tived by  this  phenomenon,  for  if  such  self-regeneration  occurred, 
the  original  blue  color  of  cupric  sulfate  should  come  back  toward 
the  end  of  the  digestion,  or  at  least  upon  adding  water.  This 
does  not  happen.  If  our  interpretation  is  correct,  it  would  ex- 
plain why  two  drops  of  copper  sulfate  proved  so  much  more 
effective  than  one  drop  in  the  experiment  recorded  above.  The 
one  drop  may  not  have  yielded  enough  oxygen  for  the  organic 
matter  present,  and  the  remainder  had  therefore  to  be  oxidized 
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by  the  sulfuric  acid  alone.  We  have  tried  other  catalyzers  be- 
sides copper  sulfate,  but  have  come  to  the  conclusion  that  copper 
sulfate  is  probably,  on  the  whole,  the  most  serviceable.  Ferric 
chloride  is  fully  as  effective  as  copper  sulfate;  salts  of  cadmium, 
uranium,  and  manganese  are  about  as  good;  mercury  is  better. 
But  from  the  standpoint  of  the  subsequent  Nesslerization  we 
have  found  these  catalyzers  to  be  less  desirable  than  the  copper 
sulfate. 

Nothing  is  gained  by  a  too  speedy  oxidation  of  the  carbonaceous 
materials  because  there  is  no  evidence  showing  that  the  hydrolytic 
removal  of  nitrogen  as  ammonia  is  equally  accelerated  and  the 
digestion  must  anyhow  be  continued  for  at  least  2  minutes. 

Nessler's  Reagent 

In  almost  every  text-book  describing  Nessler's  reagent  is  found 
the  somewhat  discouraging  statement  that  the  solution  "improves 
with  age;"  that  is,  the  older  the  reagent,  up  to  one  or  more  years, 
the  more  likely  it  is  to  give  crystal-clear  solutions  instead  of 
turbid  ones,  when  added  to  ammonia.  We  are  inclined  to  believe 
that  in  so  far  as  any  such  improvement  does  occur  it  is  due  to  a 
reduction  of  the  alkalinity  of  the  solutions  by  virtue  of  a  gradual 
absorption  of  carbon  dioxide  from  the  air.  For  we  have  satis- 
fied ourselves  that  the  chief,  if  not  the  only,  cause  of  the  tur- 
bidity is  the  excessive  alkali  content  of  the  reagent  (usually  20 
per  cent  caustic  potash).  The  presence  of  free  hydroxide  in 
amount  almost  equal  to  that  added  with  Nessler's  reagent  is 
necessary  for  the  development  of  a  deep  color  with  ammonia, 
but  a  slightly  excessive  concentration  of  alkali  at  once  precipi- 
tates the  colloidal  colored  ammonia  compound.  When  the 
Nessler  reagent  is  added  to  the  ammonium  solution,  local  zones 
of  excessive  alkalinity  occur  and  coagulate  a  part  of  the  solution. 
With  experience  and  dexterity  in  the  mixing  of  the  two  solutions 
the  cloudiness  can  be  diminished,  and  sometimes  entirely  pre- 
vented, except  when  the  amount  of  ammonia  present  is  large 
(more  than  1  mg.  of  ammonia  nitrogen  per  100  cc.  of  solution). 
The  reason  for  the  remarkable  improvement  in  the  efficiency 
of  Nessler's  reagent  which  Folin  and  Farmer  obtained  by  diluting 
it  with  several  volumes  of  water  immediately  before  adding  it 


O.  Folin  and  W.  Denis  479 

to  the  ammonia  solutions  is  therefore  clear.  The  preliminary- 
dilution  prevents  the  presence  of  excessive  alkalinity  in  any  part 
of  the  mixture. 

Since  a  certain  considerable  concentration  of  alkali  is  necessary 
for  the  development  of  the  color  in  the  Nesslerization  process  and 
since  even  a  momentary  excessive  concentration  of  alkali  in 
any  part  of  the  Nesslerized  mixture  ruins  the  determination,  the 
practice  of  adding  all  the  needed  alkali  in  the  form  of  undiluted 
Nessler's  reagent  is  manifestly  faulty.  The  preliminary  dilution 
of  the  reagent  has  one  drawback;  unless  the  reagent  is  added 
almost  immediately  (within  a  few  minutes)  the  diluted  reagent 
decomposes  and  becomes  unfit  for  use.  Because  of  these  flaws 
in  the  Nesslerization  process  we  have  made  some  radical  changes 
in  the  formula  for  the  preparation  of  the  reagent. 

Aside  from  its  excgseive  alkali  concentration  Nessler's  reagent^ 
contains  too  ll$frl^>otassium  iodide.  It  is  quite  true  that  tfeo 
much  potassium  iomfle  destroys  the  value  of  the  reagent  so  that 
it  gives  little  or  no  color  with  ammonia,  and  this  fact  is  evidently 
the  reason  why  the  minimum  amount  of  potassium  iodide  capable 
of  holding  the  mercuric  iodide  in  solution  came  to  be  adopted. 
There  is  a  very  wide  margin,  however,  between  the  minimum 
amount  and  the  amount  which  materially  lessens  the  efficiency 
of  the  solution. 

Mercuric  potassium  iodide,  HgI22KI,  is  a  definite  commer- 
cial product  the  aqueous  solutions  of  which  can  be  diluted  to  a 
concentration  of  5  or  6  per  cent  before  it  begins  to  decompose 
and  set  free  the  insoluble  mercuric  iodide.  A  solution  of  this 
neutral  salt  gives  good  Nesslerization  results  when  added  to 
ammonia  solutions  containing  sodium  or  potassium  hydroxide. 
Much  better  results  are,  however,  obtained  when  a  part  of  the 
needed  alkali  is  present  in  the  double  iodide  solution. 

The  preparation  of  this  mercuric  potassium  iodide  solution 
is  very  much  easier  than  the  preparation  of  ordinary  Nessler's 
reagent,  and  the  solution  makes  an  excellent  stock  solution  for 
Nessler's  reagents  of  any  desired  degree  of  alkalinity.  To  pre- 
pare the  double  iodide  solution  dissolve  approximately  75  gnu 
of  potassium  iodide  in  50  cc.  of  warm  water,  add  100  gm.  of 
mercuric  iodide,  and  stir. 

The  solution  is  complete  in  a  few  minutes,  but  probably  be- 
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cause  of  impurities  in  the  mercuric  iodide  it  is  usually  not  per- 
fectly clear.  Dilute  with  water  (400  to  500  cc),  filter,  and 
make  the  filtrate  up  to  a  volume  of  1  liter. 

For  the  direct  Nesslerization  of  the  digestion  mixtures  with 
which  we  are  dealing  in  the  present  paper,  we  prefer  a  Nessler 
reagent  containing  about  2  per  cent  of  sodium  hydroxide.  To 
300  cc.  of  the  double  iodide  solution  add  200  cc.  of  10  per  cent 
sodium  hydroxide,  500  cc.  of  water,  and  mix.  15  cc.  of  this 
modified  Nessler  reagent  rapidly  added  from  a  measuring  cylinder 
will  yield  crystal-clear  mixtures  with  as  large  amounts  of  ammonia 
as  are  involved  in  our  colorimetric  nitrogen  determinations 
(0.7  to  1.6  mg.  ammonia  nitrogen). 

It  will  be  noted  that  sodium  hydroxide,  instead  of  potassium  hydroxide, 
is  used  in  the  preparation  of  our  Nessler's  reagent.  Potassium  hydroxide 
is  doubtless  equally  good  for  the  purpose,  but  it  is  no  better  and  is  more 
expensive.  A  faultless  10  per  cent  caustic  soda  for  Nessler's  reagent  can 
be  prepared  as  follows  from  the  technical  caustic  soda  used  in  Kjeldahl 
distillations : 

Prepare  a  45  per  cent  caustic  soda  solution  by  the  addition  of  10  pounds 
(4.5  kilos)  of  the  caustic  soda  powder  to  7  liters  of  water,  and  let  stand 
for  2  or  3  days  in  order  to  let  the  carbonate  and  sulfate  settle  out.  Dilute 
the  clear  supernatant  solution  to  the  desired  concentration  (10  per  cent). 
Let  stand  for  24  hours  and  filter  from  the  oxides  of  iron ;  or  let  the  solution 
stand  in  well  closed  bottles  for  several  days  and  remove  the  clear  super- 
natant solution  by  means  of  a  siphon. 

Neutralization  of  the  Digestion  Mixture. 

The  depth  of  color  which  Nessler's  reagent  produces  with  a 
given  amount  of  ammonia  depends,  as  already  indicated,  to  a 
very  large  extent  on  the  degree  of  alkalinity  prevailing  in  the 
mixture.  Free  hydroxide  is  necessary  to  produce  any  color  at 
all  in  the  solution,  and  the  more  hydroxide  is  present  the  deeper 
becomes  the  color.  The  concentration  of  free  alkali  permissible 
is,  on  the  other  hand,  rather  sharply  limited  by  the  formation 
of  turbid  or  "smoky"  instead  of  crystal-clear  solutions.  The 
amount  of  alkali  required  to  neutralize  the  acid  digestion  mix- 
ture and  to  give  a  suitable  degree  of  alkalinity  must  therefore 
be  determined  with  some  care  and,  of  course,  must  be  substan- 
tially the  same  as  that  in  the  ammonia  solution  which  is  to  be 
used  as  a  standard.    Proper  attention  to  this  detail  is  absolutely 
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essential  for  correct  results.  The  free  alkali  in  the  unknown 
urine  digestion  mixture  and  the  standard  should  agree  to  within 
0.5  cc.  of  10  per  cent  sodic  hydrate. 

For  reasons  which  will  be  given  later  it  is  better  when  work- 
ing with  urine  to  dilute  the  final  Nesslerized  solution  to  200  cc. 
instead  of  to  100  cc,  as  is  done  in  the  original  method.  In  this 
volume  (200  cc.)  there  should  be  2  or  3  cc.  of  free  10  per  cent  sodic 
hydrate  in  addition  to  the  alkali  added  in  the  form  of  our  Nessler 
reagent.  It  is  possible  to  secure  perfectly  clear  solutions  when 
as  much  as  6  or  7  cc.  of  alkali  has  been  added,  but  the  danger 
of  getting  "smoky"  mixtures  is  then  so  great  and  the  increase  in 
color  due  to  such  larger  concentration  of  alkali  is  so  small  that 
it  is  much  better  to  use  the  smaller  excess  of  alkali  indicated.  To 
secure  this  excess  of  alkali  with  a  sufficient  degree  of  uniformity 
is  not  particularly  difficult,  but  there  are  several  factors  to 
be  taken  into  account.  The  phosphoric-sulfuric  acid  mixture 
is  slightly  viscous;  unless  it  is  measured  out  in  a  reasonably  uni- 
form manner  (i.e.,  as  to  the  length  of  time  the  delivery  pipette 
is  allowed  to  drain)  the  variations  in  the  amount  of  acid  present 
may  be  considerable.  The  amount  of  acid  so  delivered  must  be 
titrated  with  the  alkali,  and  with  phenolphthalein  as  indicator, 
and  due  account  must  be  taken  of  the  fact  that  one-third  of  the 
base-absorbing  power  of  the  phosphoric  acid  is  not  included  in 
the  titration  value.  For  example,  1  cc.  of  our  phosphoric-sul- 
furic acid  mixture  (5:1)  required  from  12.6  to  12.8  cc.  of  10 
per  cent  sodic  hydrate  to  yield  a  faint  yet  unmistakable  pink 
color  with  the  phenolphthalein.  Since  about  five-sixths  of  this 
acidity  (or  10.6  cc.)  was  due  to  the  phosphoric  acid,  12.7  +  5.3 
cc.  or  18  cc.  were  required  for  the  neutralization  of  the  acid.  To 
get  a  surplus  of  2  cc.  of  10  per  cent  alkali  required  therefore  the 
addition  of  20  cc.  of  the  10  per  cent  sodic  hydrate.  A  certain 
amount  of  sulfuric  acid  is  lost  during  the  digestion.  This  loss 
is  slightly  larger  when  working  with  (15  cm.)  silica  test-tubes 
than  when  hard  glass  test-tubes  (190  mm.  X  15  mm.)  were  em- 
ployed. In  the  latter  case  the  appearance  of  the  sulfuric  acid 
fumes  becomes  unmistakable  before  the  fumes  begin  to  escape 
at  the  top  and  it  is  accordingly  much  easier  to  regulate  the  flame 
so  as  to  reduce  the  loss  of  acid  fumes.  The  losses  incurred  are 
equivalent  to  from  0.1  to  0.3  cc.  10  per  cent  sodic  hydrate  and 
are  negligible. 
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In  this  connection  it  may  be  noted  that  the  destructive  diges- 
tion of  the  urine  is  conducted  in  test-tubes  the  mouths  of  which 
are  closed  with  watch-glasses  as  soon  as  the  white  sulfuric  acid 
fumes  make  their  appearance.  While  this  is  done  primarily 
to  prevent  the  loss  of  acid  the  analytical  process  is  thereby  further 
simplified  since  hoods  or  fume  absorbers  are  no  longer  needed. 

In  thus  virtually  eliminating  the  loss  of  sulfuric  acid  fumes  we  are  also 
eliminating  all  danger  of  losing  ammonia  together  with  those  fumes.  We 
are  convinced  that  this  danger  is  a  real  one,  that  both  in  macro  and  in 
micro  Kjeldahl  digestions  with  sulfuric  acid  losses  of  ammonia  do  occur 
because  of  excessive  or  unduly  prolonged  digestions.  We  have  often  en- 
countered such  losses  in  the  difficult  micro  digestions  involved  in  deter- 
mining the  non-protein  nitrogen  of  blood  and  have  met  with  similar  losses 
in  ordinary  Kjeldahl  digestions  of  urine.  The  practice,  still  fairly  common, 
of  digesting  urine  for  2}  to  3  hours  with  sulfuric  acid  plus  20  gm.  of  potas- 
sium sulfate  and  catalyzer  not  infrequently  yields  less  ammonia  than  is 
obtained  by  45  minutes'  digestion  with  5  gm.  potassium  sulfate  together 
with  sulfuric  acid  and  catalyzer. 

The  following  practical  working  formulas  for  the  neutraliza- 
tion of  the  acid  and  for  securing  proper  alkalinity  for  the  Nessleri- 
zation may  prove  useful. 
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17/12  of  the  titrating  value  +  2  cc. 

11/8  "  "  "  "  +  2  " 
4/3  "  "  "  "  +2  " 
5/4    "    "             "           "    +  2  " 

In  the  above  formulas  concentrated  sulfuric  acid  and  the 
concentrated  (83  per  cent)  phosphoric  acid  are  assumed  to  have, 
volume  for  volume,  equal  titrating  values.  This  is  not  strictly 
correct;  29  cc.  of  our  sulfuric  acid  had  the  same  titrating  value 
as  33  cc.  of  the  phosphoric  acid;  but  the  discrepancy  is  immaterial. 

The  concentrated  phosphoric  acid  used  with  sulfuric  acid  for 
the  destructive  digestion  of  urine  contains  only  one  somewhat 
disturbing  impurity,  namely  calcium.  Practically  all  of  this  cal- 
cium is,  however,  precipitated  as  sulfate  when  the  phosphoric 
acid  is  mixed  with  concentrated  sulfuric  acid.    The  mixed  acids 
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are  allowed  to  stand  over  night,  and  the  mixture  is  then  filtered 
through  an  asbestos  mat  on  a  Buchner  funnel.  The  asbestos 
mat  is  kept  in  place  for  this  filtration  by  a  layer  of  pebbles. 

Dilution  of  the  Digestion  Mixture. 

By  our  Nesslerization  process  ammonia  equivalent  to  1  mg. 
of  nitrogen  can  be  Nesslerized  in  a  volume  of  100  cc,  notwith- 
standing the  large  amounts  of  salts  formed  by  neutralization  of 
the  digestion  mixture.  The  whole  operation  becomes  easier  if 
200  or  250  cc.  flasks  are  used.  The  rinsing  of  the  digestion  mix- 
ture into  the  flask  is  easier  because  one  can  use  more  water. 
Because  of  the  larger  volume  of  water,  the  heat  developed  on 
adding  the  alkali  produces  very  little  rise  in  .temperature  (only 
5-7°C.)  and  it  is  hardly  necessary  to  cool  the  mixtures  before 
Nesslerizing.  The  chief  reason  why  we  prefer  the  larger  volu- 
metric flasks  is,  however,  that  with  these  larger  volumes  as  much 
as  2  or  3  mg.  of  ammonia  nitrogen  will  give  just  as  perfect  Ness- 
lerizations  as  1  mg.;  and  it  often  happens  that  1  cc.  of  diluted 
urine  does  give  as  much  as  1.5  or  1.6  mg.  of  nitrogen. 

Standard  Ammonium  Sulfate  Solution. 

Kahlbaum's  ammonium  sulfate,  labelled  c.p.  for  analysis,  is 
pure  and  can  be  used  in  the  preparation  of  standard  ammonium 
sulfate  solution.  It  must  be  dried,  however,  either  by  being 
kept  in  a  desiccator  over  sulfuric  acid  for  a  day  or  two,  or  by 
heating  at  about  110°C.  for  an  hour  before  being  weighed  out. 

Pure  ammonium  sulfate  can  be  prepared  from  ordinary  sul- 
fate by  decomposing  it  with  strong  sodic  hydrate  and  aspirating 
the  liberated  ammonia  into  sulfuric  acid.  The  ammonium 
sulfate  solution  so  obtained  is  precipitated  by  the  addition*  of 
alcohol,  and  is  then  recrystallized  two  or  three  times  by  solution 
in  water  followed  by  alcohol  precipitation.  After  the  alcohol 
has  evaporated  from  the  last  precipitate  it  is  dried  in  a  desiccator. 
4.716  gm.  of  this  salt  per  liter  gives  a  stock  solution  containing  1 
mg.  per  cc.  To  keep  out  moulds  the  solution  should  also  be  a 
0.2  n  solution  of  sulfuric  acid.  20  cc.  of  our  solution  prepared 
from  a  sulfate,  made  as  indicated  above,  gave  by  distillation  and 
titration   20.006   mg.  N.     Ordinary  ammonium  sulfate  cannot 
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be  used  either  on  the  basis  of  direct  weight  or  on  the  basis  of" 
"ammonia"  determinations  made  by  distillation  and  titration, 
because  it  contains  pyridine  bases  which  distill  and  titrate  like 
ammonia  yet  do  not  react  with  Nessler's  reagent. 

From  the  stock  solution  of  standard  ammonium  sulfate  we 
prepare  by  appropriate  dilution  with  water  a  weaker  working 
solution  containing  1  mg.  of  nitrogen  per  20  cc.  This  degree  of 
dilution  is  advantageous  because  the  same  solution  can  also 
be  used  in  connection  with  blood  analysis,  when  a  standard  of 
0.25  or  0.5  mg.  of  nitrogen  is  more  often  used  than  1  mg. 

The  Use  of  Ostwalil  Pipettes. 

The  modified  Ostwald  1  cc.  pipettes  with  which  the  diluted 
urine  is  measured  should,  of  course,  be  calibrated.  It  is  perhaps 
not  superfluous  to  state  that  these  pipettes  are  drained  against 
the  sides  of  the  test-tube  for  10  seconds  and  are  then  blown  clean, 
while  dragging  the  pipette  against  the  sides  of  the  tube.  Under 
ordinary  laboratory  conditions  the  weight  of  distilled  water  which 
the  pipettes  should  deliver  in  order  to  represent  1  full  cc.  is  997  mg. 

The  Use  of  the  Colorimeter. 

The  unavoidable  uncertainty  inherent  in  all  light  color  compari- 
sons is  of  course  considerably  greater  than  the  uncertainty  in- 
volved in  titrations  of  the  ammonia  obtained  in  the  ordinary 
Kjeldahl  method.  By  proper  attention  to  certain  minor  details 
in  the  use  of  the  colorimeter  the  error  involved  need  never  exceed 
1  per  cent,  and  the  average  results  as  well  as  a  great  many  in- 
dividual determinations  can  become  practically  perfect.  A 
number  of  points  and  suggestions  bearing  on  the  use  of  the  Du- 
boscq  colorimeter  have  gradually  accumulated  in  this  laboratory 
and  some  of  these  may  prove  helpful  to  others. 

(a)  It  should  be  obvious  that  the  zero  points  on  the  scales 
of  the  colorimeter  should  not  be  accepted  as  true  zero  points 
without  verification.  Long  has  recently  called  attention  to  this 
point.  The  Duboscq  colorimeters,  as  a  matter  of  fact,  are  very 
seldom  accurate  with  reference  to  the  zero  points.  We  have  an 
instrument  which  is  accurate,  but  it  has  been  obtained  by  selec- 
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tion  of  suitable  cups  from  among  the  large  number  of  cups  avail- 
able in  this  department. 

(6)  Another  obvious  point  is  that  the  optical  parts  of  the  in- 
strument should  be  freed  from  dust.  Hardly  a  single  black 
speck  should  be  visible  in  either  field.  •  There  are  three  places 
on  the  lower  part  of  the  instrument  which  can  advantageously 
be  made  dust-proof  by  being  sealed  up  with  microscope  cover 
glasses  (and  Canada  balsam  or  mucilage). 

(c)  Even  perfectly  clean  instruments  with  mechanically  cor- 
rect zero  points  are  not  necessarily  optically  correct.  One  field 
seems  darker  than  the  other  no  matter  how  carefully  the  instru- 
ment is  adjusted  to  the  light.  In  many  cases  this  inequality  is 
due  to  the  ageing  of  the  Canada  balsam  with  which  the  glass 
plate  ifi  sealed  onto  the  top  of  the  parallelopipeds  inside  the  colori- 
meter. That  plate  serves  no  useful  purpose,  and  we  remove  it 
by  cautious  soaking  in  a  very  shallow  layer  of  xylol  (so  as  not 
to  remove  the  glass  plate  on  the  side  as  well). 

(d)  The  apparent  inequality  of  the  two  fields  in  the  colorimeter 
is  in  part  a  physiological  phenomenon,  for  with  the  same  instru- 
ment one  observer  may  find  the  right  field  and  another  the  left 
field  to  be  the  darker  when  the  two  fields  should  be  equal. 

Additional  essentials  for  accurate  colorimetric  readings  are  a 
comfortable  position  and  a  suitable  environment.  Most  persons 
who  do  not  use  an  artificial  light  use  the  colorimeter  directly  in 
front  of,  and  near  a  window,  and  stand  behind  the  scale  side  of 
the  colorimeter  when  using  it,  thus  facing  the  window.  This  is 
about  the  worst  possible  condition,  unless  the  light  comes  only 
through  an  opening  in  a  shade  covering  the  window.  The  eye 
is  far  less  sensitive  to  variations  in  light  when  one  has  just  looked 
at  a  bright  sky  or  other  bright  object  out  of  doors.  We  are  under 
the  impression  that  it  is  easier  to  make  the  color  comparison  from 
the  side  of  the  instrument  than  from  behind,  ancf  most  persons 
will  undoubtedly  make  better  readings  by  sitting  in  a  comfort- 
able position  than  by  standing;  for  fatigue  is  fatal  to  good  colori- 
metric readings.  By  putting  the  instrument  in  the  middle  of 
the  laboratory,  i.e.,  several  feet  away  from  the  window,  on  a  stool 
of  about  the  same  height  as  an  ordinary  chair,  and  sitting  down 
(at  one  side  of  the  instrument  instead  of  behind),  long  series  of 
colorimetric    comparisons    can    be   made   without   fatigue   and 

consequent  uncertainty. 
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In  reading  the  unknown  we  never  make  more  than  one  read- 
ing, and  we  take  this  reading  after  having  got  the  eye  adjusted 
to  the  appearance  of  the  standard  solution  when  both  fields  should 
look  alike.  Having  adjusted  the  instrument  and  determined  the 
appearance  of  the  field,  we  make  one  or  two  readings  of  the 
standard.  We  then  replace  the  standard  in  one  cup  by  the  un- 
known and  take  only  one  careful  reading.  When  making  a  long 
series  of  color  comparisons  we  reread  the  standard  against  it- 
self after  each  two  of  the  unknowns.  We  consider  this  an  essen- 
tial condition,  for  without  thus  readjusting  the  eye  the  appear- 
ance of  equality  will  gradually  shift  either  up  or  down. 

Concise  Description  of  the  Colorimetric  Nitrogen  Determination 

(for  Urine). 

Solutions  and  Apparatus  Required. — A  Nessler  reagent  con- 
taining 5  to  6  per  cent  mercuric  potasssium  iodide,  HgIj2KI, 
and  2  per  cent  sodic  hydrate.  A  standard  ammonium  sulfate 
solution  containing  1  mg.  of  nitrogen  per  20  cc.  An  approxi- 
mately 10  per  cent  sodic  hydrate  solution.  A  filtered  mixture 
of  one  volume  concentrated  sulfuric  acid  (100  cc.)  and  three 
volumes  concentrated  (85  per  cent)  phosphoric  acid  (300  cc), 
to  which  mixture  has  been  added  one-fifteenth  volume  (15  cc.) 
10  per  cent  copper  sulfate  (CuSC^HsO)  solution.  A  calibrated 
long  stem  1  cc.  Ostwald  pipette.  Hard  glass  test-tubes  (prefer- 
ably 190  mm.  X  15  mm.),  volumetric  flasks  (capacity  100  cc. 
and  200  or  250  cc),  microburners,  an  ordinary  1  cc.  pipette  for 
measuring  the  phosphoric-sulfuric  acid  mixture.  A  high  grade 
colorimeter  (Duboscq). 

Dilute  the  urine  so  that  1  cc.  contains  from  0.7  to  1.5  mg. 
nitrogen.  Urines  having  a  specific  gravity  of  1.018  or  less  should 
be  diluted  to  one  in  five.  Urines  having  a  specific  gravity  of 
1.030  or  over  should  be  diluted  to  one  in  twenty.  For  urines 
having  specific  gravities  between  1.018  and  1.030  a  dilution  of 
one  in  ten  is  appropriate. 

With  an  Ostwald  pipette  measure  into  the  test-tube  1  cc  of 
diluted  urine.  Add  (with  an  ordinary  pipette)  1  cc  of  phos- 
phoric-sulfuric acid  and  a  fresh  quartz  pebble,  or  better,  a  piece 
of  granite  to  prevent  bumping. 
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Heat  over  a  microburner,  with  the  bottom  of  the  test-tube 
within  1  cm.  of  the  top  of  the  burner,  until  nearly  all  the  water 
has  been  driven  off  as  indicated  by  the  absence  of  foaming  and 
by  the  appearance  of  the  denser  sulfuric  acid  fumes  within  the 
test-tube.  This  should  occur  in  2  to  5  minutes.  Cover  the 
mouth  of  the  test-tube  with  a  watch-glass  and  continue  the  heat- 
ing  with  a  flame  so  regulated  that  only  a  little  of  the  acid  fumes 
escape  from  the  test-tube.  In  0.5  to  3  minutes,  counted  from 
the  time  the  test-tube  was  closed,  the  digestion  should  be  clear 
and  blue,  green,  or  light  straw  yellow  in  color.  This  color  is  due 
to  the  copper.  Continue  the  heating  for  another  30  to  60  seconds. 
(In  no  case  should  the  total  heating  time  be  less  than  2  minutes 
after  the  mouth  of  the  test-tube  has  been  closed). 

Remove  the  flame  and  allow  the  test-tube  to  cool  where  it  is 
for  2  minutes.  Add  water,  and  rinse  the  contents  of  the  tube 
into  a  200  or  250  cc.  volumetric  flask,  using  about  150  cc.  of  water 
for  this  purpose.  Determine  the  titratable  acid  content  of  1  cc. 
of  the  phosphoric-sulfuric  acid  mixture  (as  delivered  by  the  1  cc. 
pipette  regularly  used  for  measuring  the  acid).  The  titration  is 
made  with  10  per  cent  sodic  hydrate  and  with  phenolphthalein  as 
indicator.  Add  to  the  diluted  digestion  mixture  10  per  cent  sodic 
hydrate  in  amount  equal  to  V  times  the  titrating  value  ob- 
tained, plus  2  cc.  for  alkalinity.  It  is,  of  course,  most  convenient 
to  dilute  the  alkali  so  that  the  required  amount  can  be  added  with 
a  pipette.  Into  another  volumetric  flask,  of  the  same  capacity 
as  is  used  for  the  digestion  mixture,  introduce  1  cc.  of  the  con- 
centrated acid  mixture  and  20  cc.  of  the  standard  ammonium 
sulfate  solution.  Add  about  125  cc.  of  water  and  then  the  same 
amount  of  sodic  hydrate  as  in  the  case  of  the  unknown.  Mix 
well.  Then  add,  with  a  cylinder,  to  each  flask  15  cc.  of  our 
dilute  Nessler's  solution  and  mix  quickly.  Fill  to  the  mark 
with  water  and  mix.  Pour  out  a  part  of  the  unknown  (as  an 
additional  precaution  against  incomplete  mixing),  and  centrifuge, 
or  filter,  through  a  small  cotton  plug,  a  portion  of  the  remainder 
for  the  colorimetric  comparison.  If  the  sediment  obtained  is 
mixed  with  a  red  deposit  the  Nesslerization  has  not  been  success- 
ful and  the  determination  must  be  discarded.  The  liquid  above 
the  sediment  (or  the  filtrate)  must  be  crystal-clear,  not  the  least 
bit  "smoky.' ;    Adjust  the  colorimeter,   with  the  standard  set 
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at  20  mm.  in  both  cups,  until  the  two  fields  are  as  nearly  alike 
as  it  is  possible  to  get  them.  Then  make  two  or  three  color 
comparisons  with  the  standard  against  itself,  and  when  the  re- 
sult is  accurate,  replace  the  standard  in  one  of  the  cups  with  the 
unknown,  and  make  one  leisurely,  careful  reading. 

In  a  series  of  three  or  more  simultaneous  nitrogen  determina- 
tions it  is  necessary  to  let  every  third  color  comparison  be  a  com- 
parison of  the  standard  against  itself. 

Analytical  Results. 

From  the  following  table  of  urine  analyses,  by  KjeldahTs 
method  and  by  our  colorimetric  method,  it  will  be  seen  that  the 
differences  between  the  two  series  of  results  are  so  small  as  to  be 
of  no  practical  significance.  The  majority  of  these  determina- 
tions were  made  by  the  help  of  silica  test-tubes,  but  many  were 
made  simultaneously  in  silica  tubes  and  in  glass  test-tubes.  The 
Nesslerized  solutions  obtained  from  the  glass  tubes  were  in  some 
cases  centrifuged,  in  others  filtered  through  a  little  cotton,  packed 
into  the  stem  of  a  funnel.  From  the  standpoint  of  accuracy 
one  procedure  is  as  good  as  another. 
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Nitrogen  in  Gm.  per  Liter  of  Urine. 
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NITROGEN  DETERMINATIONS  BY  DIRECT 

NESSLERIZATION. 

II.  NON-PROTEIN  NITROGEN  IN  BLOOD. 

By  OTTO  FOL1N  and  W.  DENIS. 

(From  the  Biochemical  Laboratories  of  the  Harvard  Medical  School  and  of  the 

Massachusetts  General  Hospital,  Boston.) 

(Received  for  publication,  July  27,  1916.) 

In  our  original  colorimetric  method  for  the  determination  of 
non-protein  nitrogen  in  blood  the  protein  materials  are  precipi- 
tated with  methyl  alcohol  and  a  little  zinc  chloride.  This  pre- 
cipitation is  not  free  from  possible  sources  of  error.  Some  nitrog- 
enous lipoids  may  get  into  the  alcoholic  filtrate  (Greenwald); 
and  some  nitrogenous  materials,  such  as  amino-acids,  creatine, 
etc.,  which  should  go  into  the  filtrate,  may  be  held  back  in  part 
by  the  protein  precipitate.  An  additional  drawback  to  this  pre- 
cipitation is  the  presence  of  ammonia  in  all  but  the  best  and  most 
expensive  grades  of  alcohol.  The  chief  drawback  to  the  use  of 
alcohol  as  a  precipitant  in  blood  analysis  is,  however,  the  fact 
that  it  dissolves  too  much  fat.  The  large  amount  of  highly  re- 
sistant carbonaceous  material,  which  gets  into  the  alcoholic 
filtrate  in  the  form  of  fat,  makes  the  subsequent  destructive 
digestion  of  the  residue,  without  loss  of  ammonium  sulfate,  a 
distinctly  difficult  process.  If  the  alcohol  is  free  from  ammonia 
(or  due  allowance  made  for  the  alcoholic  ammonia)  and  the  ox- 
idation is  made  with  care,  the  non-protein  nitrogen  obtained 
represents  substantially  the  correct  value,  but  it  is  scarcely  to 
be  doubted  that  in  the  hands  of  careless  or  inexperienced 
workers  the  results  obtained  will  often  be  low. 

The  difficulties  arising  from  the  presence  of  excessive  amounts 
of  carbon  in  the  alcoholic  filtrates  are  even  more  serious;  in  fact 
we  consider  them  practically  fatal  when  phosphoric  acid  is  sub- 
stituted for  the  greater  part  of  the  sulfuric  acid  in  the  destructive 
digestion  of  the  blood  filtrates.    A  smooth  and  rapid  digestion 
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is  well-nigh  indispensable  for  a  high  degree  of  certainty  in  the 
values  obtained  by  direct  Nesslerization  of  the  digestion  mixtures. 
We  have  therefore  reluctantly  abandoned  alcohol  as  a  protein 
precipitant  in  connection  with  this  determination  and  have 
endeavored  to  find  some  more  serviceable  reagent. 

The  number  of  blood  precipitants  capable  of  fulfilling  the 
somewhat  rigid  requirements  of  this  particular  determination 
is  not  large,  and  for  a  time  it  looked  rather  doubtful  as  to  whether 
a  suitable  reagent  could  be  found.  All  reagents  yielding  much 
carbon,  or  nitrogen,  or  much  acid,  in  the  filtrate  had  to  be  dis- 
carded. All  reagents  involving  heating  are  useless,  because  by 
heat  (half  an  hour  in  a  water  bath)  the  nitrogen  of  normal  blood 
filtrates  may  be  increased  to  twice  the  real  value. 

In  the  course  of  our  study  of  this  problem  it  occurred  to  us 
that  m-phosphoric  acid  might  prove  serviceable  and  peculiarly 
suitable.  Since  we  are  using  phosphoric  acid  in  large  part  for 
our  destructive  digestion,  the  presence  of  phosphates  in  the  fil- 
trates would  be  no  disadvantage.  In  earlier  times  m-phosphoric 
acid  was  frequently  used  as  a  precipitant  for  proteins,  but  at  the 
present  time  it  is  seldom  employed,  except  in  laboratory  exercises 
for  students  and  in  technical  processes.  The  m-phosphoric 
acid  which  we  have  tried  is  the  common  so  called  "glacial  phos- 
phoric acid"  to  which  is  ascribed  the  formula  HPO* .  NaPO*. 
The  product  is  remarkably  effective  as  a  precipitant  for  the  blood 
proteins.  It  is  better  than  colloidal  iron  and  fully  as  good  as 
trichloroacetic  acid  for  this  purpose.  It  yields  filtrates  which 
are  as  colorless  and  clear  as  water,  and  which  remain  clear.  These 
filtrates  boil  in  test-tubes  practically  like  water;  i.e.,  without 
foaming.  The  excess  of  m-phosphoric  acid  required  for  complete 
precipitation  of  the  proteins  is  small;  so  small,  in  fact,  that  no 
allowance  need  be  made  for  it  in  connection  with  the  subsequent 
neutralization  and  Nesslerization  of  the  digestion  mixtures. 
The  increase  in  the  phosphoric  acid  content  of  those  mixtures 
due  to  residual  m-phosphoric  acid  is  little  if  any  more  than  equiva- 
lent to  the  loss  of  sulfuric  acid  fumes  which  occurs  during  the 
destructive  digestion.  The  amount  of  carbon  present  is  also 
insignificant.  The  complete  digestion  and  oxidation  of  the  resi- 
due is  as  speedy  and  complete  as  the  destructive  digestion  of 
urine,  the  only  difference  being  that  10  cc.  of  water,  instead  of 
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1  cc,  must  be  boiled  off  before  the  destructive  digestion  begins. 
For  the  preparation  of  blood  filtrates  free  from  proteins  and  suit- 
able for  the  determination  of  the  non-protein  nitrogen  "glacial 
phosphoric  acid"  (m-phosphoric  acid)  is  therefore  better,  accord- 
ing to  our  experience,  than  any  other  reagent  heretofore  used 
for  this  purpose. 

In  one  particular  glacial  phosphoric  acid  falls  short  of  being 
an  ideal  reagent  for  the  preliminary  removal  of  the  blood  proteins. 
Af-phosphoric  acids  are  not  stable  in  the  form  of  solutions.  In 
solutions  they  gradually  change  to  ordinary  (o-)  phosphates 
and  thus  lose  their  characteristic  power  of  precipitating  protein 
materials.  This  drawback  to  the  use  of  glacial  phosphoric  acid 
solutions  is  not  of  much  consequence,  because  the  material  is 
not  expensive  in  comparison  with  the  other  blood  precipitants 
employed.  Adequate  recognition  of  the  fact  that  phosphate 
solutions  of  unknown  age  must  not  be  used  is,  however,  absolutely 
indispensable  for  reliable  results.  We  have  not  found  any  definite 
information  in  the  literature  as  to  the  speed  with  which  the  change 
of  m-phosphoric  acid  into  the  o-  compound  takes  place,  except 
for  the  bare  statement  that  the  change  is  more  rapid  in  dilute 
than  in  concentrated  solutions  and  is  greatly  accelerated  by 
heat. 

Glacial  phosphoric  acid  sticks  dissolve  somewhat  slowly  but 
completely  in  four  parts  of  cold  water.  A  stick  weighing  20 
to  25  gm.  dissolves  in  the  course  of  about  half  an  hour  when  the 
mixture  is  shaken  occasionally.  5  cc.  of  the  25  per  cent  solution 
so  obtained  are  adequate  for  the  precipitation  of  10  cc.  of  blood. 
The  solution  if  kept  in  a  cool  place  will  remain  serviceable  for 
3  days.  If  needed  for  immediate  use  the  reagent  can  be  dissolved 
in  hot  water  in  the  course  of  a  few  minutes;  but  solutions  so  made 
will  not  keep  their  precipitating  power  as  long  as  the  solutions 
made  without  heat. 

The  blood  filtrates  obtained  with  m-phosphoric  acid  solutions 
which  have  deteriorated  beyond  the  permissible  point  may  be 
perfectly  water-clear  so  that  it  is  not  possible  to  tell  by  inspec- 
tion at  this  stage  whether  the  precipitation  has  been  satisfactory; 
but  such  filtrates  foam  considerably  in  the  test-tube  when  the 
surplus  water  is  boiled  off.  Whenever  such  foaming  is  encoun- 
tered the  result  obtained  in  the  non-protein  nitrogen  determina- 
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tion  must  therefore  be  regarded  with  suspicion,  particularly  if 
the  figures  obtained  are  high. 

The  determination  of  the  non-protein  nitrogen  is  carried  out 
as  follows. 

To  about  20  cc.  of  water  in  a  50  cc.  volumetric  flask  add  5 
cc.  of  blood.  Add  3  cc.  of  25  per  cent  m-phosphoric  acid  and  mix. 
Allow  the  mixture  to  stand  for  1  to  24  hours,  and  fill  up  to  the 
mark  with  water;  mix  thoroughly  aj*l  filter  through  a  dry  filter 
paper.  The  first  few  drops  of  the  filtrate  are  sometimes  not 
water-clear  and  must  then  be  put  back  on  the  filter  or  discarded. 
It  is  not  essential  that  the  mixture  should  be  left  standing  for 
an  hour  as  indicated.  If  desirable,  the  contents  can  be  made  up 
to  volume  at  once.  By  then  transferring  the  mixture  to  another 
flask,  large  enough  to  permit  vigorous  agitation,  and  shaking 
for  3  to  5  minutes,  absolutely  clear  filtrates  can  be  obtained 
immediately.  On  the  other  hand  it  makes  no  difference  if  the 
mixture  is  allowed  to  stand  for  24  hours  before  it  is  diluted,  mixed, 
and  filtered. 

Transfer  10  cc.  of  the  filtrate  (corresponding  to  1  cc.  of  blood) 
to  a  hard  glass  test-tube  (190  mm.  X  13  to  15  mm.) ;  add  a  piece 
of  crushed  granite  or  quartz  and  1  cc.  of  the  acid  mixture  used 
for  the  destructive  digestion  of  urine  (100  cc.  sulfuric  acid,  300 
cc.  phosphoric  acid,  and  25  cc.  10  per  cent  copper  sulfate  solution). 

Boil  off  the  water  over  a  microburner,  or  in  a  bath  of  saturated 
calcium  chloride  solution,  and  complete  the  digestion  exactly 
as  in  the  case  of  urine;  i.e.,  cover  the  mouth  of  the  test-tube  with 
a  watch-glass  as  soon  as  white  sulfuric  acid  fumes  begin  to  ap- 
pear and  continue  the  heating  for  about  half  a  minute  after  the 
visible  carbonaceous  materials  have  been  oxidized.  Let  cool 
for  2  minutes,  add  water,  and  rinse  the  contents  into  a  100  cc. 
volumetric  flask,  using  60  to  70  cc.  of  water  in  all. 

To  neutralize  the  mixture  add  V-  times  the  amount  of  10 
per  cent  sodic  hydrate  indicated  by  the  titrating  value  of  the 
phosphoric-sulfuric  acid  mixture,  plus  1  cc.  extra  for  alkalinity. 
Moderate  variations  in  the  degree  of  alkalinity  are  not  nearly 
so  important  when  working  with  normal  blood,  i.e.,  with  only 
about  0.3  mg.  of  ammonia  nitrogen,  as  when  working  with  1  mg. 
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or  more  of  nitrogen  in  urine  analysis.  A  difference  of  1  or  2 
cc.  of  10  per  cent  alkali  makes  scarcely  any  appreciable  differ- 
ence in  the  depth  of  the  color  produced.  An  excess  of  2  or  3  cc. 
of  alkali  does  somewhat  alter  the  shade  of  color  obtained  (making 
it  more  greenish)  and  thus  makes  the  color  comparison  somewhat 
more  uncertain. 

Cool  the  neutralized  solution  in  running  water,  and  add  10  cc. 
of  the  Nessler  reagent,  described  in  the  preceding  paper.  Mix, 
centrifuge,  or  filter  through  cotton,  from  the  suspended  silica. 
If  the  destructive  digestion  is  made  in  silica  test-tubes  the  di- 
gestion mixtures  are  clear  and  no  filtration  is  needed.  Compare 
with  standard  Nesslerized  ammonia  solutions  as  in  urine  analysis. 

The  standard  should  usually  consist  of  0.5  mg.  of  ammonia 
nitrogen  plus  1  cc.  of  the  phosphoric-sulfuric  acid  mixture,  diluted, 
neutralized,  cooled,  and  Nesslerized  as  in  the  case  of  the  unknown 
(in  a  100  cc.  volumetric  flask). 

In  the  analysis  of  blood  unusually  high  in  non-protein  nitrogen 
a  standard  of  1  mg.  of  ammonia  nitrogen  may  be  needed.  In 
working  with  such  unknown  blood  we  prepare  the  standard  as 
follows:  We  dilute  the  acid,  add  the  requisite  alkali,  and  cool 
without  adding  the  standard  ammonia  until  we  have  seen  the 
color  developed  in  the  unknown.  By  inspection  one  can  then 
readily  tell  how  strong  a  standard  ought  to  be  used.  In  the  case 
of  blood  containing  excessive  amounts  of  non-protein  nitrogen, 
0.8  mg.  or  over,  per  1  cc,  it  is  rather  better  to  repeat  the  determi- 
nation with  a  smaller  quantity  of  the  filtrate. 

Because  of  the  large  number  of  non-protein  nitrogen  determina- 
tions recorded  in  various  papers  from  this  laboratory  during  the 
last  few  years,  it  has  seemed  to  us  worth  while  to  make  a  series 
of  parallel  determinations  by  our  old  process1  and  by  the  method 
described  in  this  paper.     These  are  given  on  the  following  page. 

1  Folin,  O  ,  and  Denis,  W.,  J.  Biol  Chem.,  1912,  xi,  527. 


496    Nitrogen  Determinations  by  Nesslerization.     II 


Non-Protein  Nitrogen  in  Mg.  per  100  Cc.  of  Human  Blood. 


No. 

Old  method. 

New  method. 

1 

32.0 

32.2 

2 

38.6 

39.0 

3 

31.0 

31.0 

4 

35.0 

35.0 

5 

41.5 

42.0 

6 

25.0 

25.5 

24.0 

24.0 

8 

30.0 

30.5 

9 

66.0 

66.0 

10 

40.0 

39.0 

11 

28.0 

28.0 

12 

33.0* 

32.8 

13 

42.0 

42.5 

14 

44.8 

44.8 

NITROGEN  DETERMINATIONS  BY  DIRECT 

NESSLERIZATION. 

HI.  AMMONIA  IN  URINE. 

By  OTTO  FOLIN  and  W.  DENIS. 

(From  the  Biochemical  Laboratories  of  the  Harvard  Medical  School  and  of 

the  Massachusetts  General  Hospital,  Boston.) 

(Received  for  publication,  July  27,  1916.) 

Having  succeeded  in  finding  a  thoroughly  practical  way  of 
Nesslerizing  micro  Kjeldahl  digestion  mixtures  without  a  pre- 
liminary isolation  of  the  ammonia,  it  seemed  abundantly  worth 
while  to  try  to  eliminate  the  use  of  the  air  current  in  the  determina- 
tion of  the  ammonia  in  urine.  To  us  this  was  an  old  problem, 
and  we  were  by  no  means  hopeful  of  being  able  to  solve  it.  The 
seemingly  almost  unsurmountable  obstacle  in  the  way  of  deter- 
mining the  ammonia  of  urine  by  direct  Nesslerization  is  the 
strong  reducing  effect  of  urine  on  alkaline  solutions  of  mercuric 
salts.  The  most  active  reducing  substance  in  urine  for  mercuric 
salts  is  creatinine.  In  the  presence  of  an  excess  of  creatinine 
the  mercury  of  Nessler's  reagent  is  speedily  reduced  to  the  metallic 
state.  With  the  small  amounts  of  creatinine  present  in  1  to  3 
cc.  of  urine,  turbid  unworkable  suspensions  of  mercurous  oxide 
are  obtained.  The  reducing  action  and  the  combination  of 
Nessler's  reagent  with  ammonia  take  place  at  substantially  the 
same  degree  of  alkalinity.  The  highly  colored  oxydimercuric 
ammonium  iodide  is  itself  reduced  by  creatinine  in  such  alkaline 
solution,  and  when  the  alkalinity  is  reduced,  as  by  the  addition 
of  sodic  bicarbonate,  the  colored  ammonium  compound  is  de- 
composed. It  therefore  appears  to  be  impossible  to  adjust  the 
conditions  so  as  to  secure  a  selective  formation  of  the  oxydimer- 
curic  ammonium  iodide  in  the  presence  of  notable  quantities  of 
creatinine. 

While  the  amounts  of  creatinine  normally  encountered  in 
urine  prevent  the  direct  Nesslerization  of  the  ammonia,  we  found 
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that  traces,  even  large  traces,  of  creatinine  have  no  such  effect. 
In  fact  pure  solutions  of  ammonia  and  creatinine  in  equal  con- 
centration can  be  Nesslerized  as  if  no  creatinine  were  present.  The 
turbidity  ultimately  produced  by  the  reducing  action  of  such 
small  amounts  of  creatinine  is  apparently  held  in  abeyance  for 
a  very  long  time  (an  hour  or  more)  by  the  colloidal  ammonio- 
mercury  compound  and  thus  does  not  interfere  with  the  colori- 
metric  comparison. 

The  reducing  activity  of  dextrose  is  insignificant  in  comparison 
with  that  of  creatinine.  1  mg.  of  ammonia  nitrogen  can  be  Ness- 
lerized in  the  presence  of  as  much  as  50  mg.  of  dextrose.  If  only 
some  sufficiently  simple  method  for  removing  the  greater  part  of 
the  urinary  creatinine  could  be  fpund,  the  direct  Nesslerization 
of  the  ammonia  in  the'filtrate  might  therefore  become  a  feasible 
process.  As  a  preliminary  experiment  bearing  on  this  point 
we  tried  blood  charcoal,  which  removes  the  uric  acid  and  a  con- 
siderable part  of  the  creatinine. 

According  to  Macleod  blood  charcoal  removes  as  much  as  70 
per  cent  of  the  creatinine;  and  he,  as  well  as  Cole,  removed  the 
creatinine  in  this  way  before  testing  normal  urines  for  sugar. 
We  did  not  think  that  blood  charcoal  could  be  made  to  meet  the 
needs  of  our  problem,  chiefly  because  we  believed  that  it  would 
absorb  the  ammonia  as  well  as  creatinine. 

We  soon  found,  however,  that  by  suitable  treatment  of  urine 
with  blood  charcoal  (Merck's,  which  is  free  from  ammonia)  all 
the  ammonia  of  the  urine  goes  into  the  filtrate,  while  the  uric 
acid,  the  phenols,  and  more  than  90  per  cent  of  the  creatinine 
are  taken  out  by  the  charcoal.  The  reducing  substances  are 
removed  so  effectively  by  this  treatment  that  the  Nesslerized 
filtrates  remain  perfectly  clear  for  several  hours. 

For  the  colorimetric  determination  of  ammonia  in  urine  by 
direct  Nesslerization  we  have  arrived  at  the  following  method: 
To  10  cc.  of  urine  in  a  large  test-tube  or  small  flask  add  1  cc. 
25  per  cent  ra-phosphoric  acid,  9  cc.  distilled  water,  and  2  gm. 
Merck's  blood  charcoal.  Shake  well  for  at  least  1  minute  and 
filter  through  a  dry  filter  paper.  Transfer  1  to  5  cc.  of  the  filtrate 
to  a  100  cc.  volumetric  flask,  add  distilled  water  to  a  volume  of 
about  70  cc,  and  Nesslerize  by  the  addition  of  15  cc.  of  the  same 
Nessler's  solution  which  we  use  for  total  nitrogen  determinations. 
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Make  up  to  volume  with  distilled  water,  mix,  and  compare  in 
the  usual  manner  with  the  color  obtained  by  Nesslerizing  1  mg. 
of  ammonia  nitrogen  in  another  100  cc.  flask. 

The  m-phosphoric  acid  is  added  partly  as  an  acid;  i.e.,  so  as 
to  be  sure  to  have  the  ammonia  as  salts,  for  free  ammonia  is  in 
part  absorbed  by  blood  charcoal.  The  reason  why  the  m-phos- 
phoric acid  rather  than  some  more  common  acid  is  used  is  that 
the  charcoal  does  not  remove  albuminous  materials,  and  we  have 
found  that  the  m-phosphoric  acid  is  necessary  in  the  case  6f  albu- 
minous urines,  and  also  in  the  case  of  -many  normal  specimens. 

Instead  of  adding  1  cc.  25  per  cent  m-phosphoric  and  9  cc 
water,    it  will  often  prove  more  practical  to  add   10   cc.   of  a 
previously  diluted  m-phosphoric  acid  solution;  but  the  fact  that 
dilute  solutions  of  this  acid   do  not  keep  well  should  not  be 
forgotten. 

On  the  basis  of  the  parallel  determinations  recorded  below 
we  are  inclined  to  believe  that  this  new,  simple  method  gives 
absolutely  reliable  results  for  the  ammonia  of  urine. 


/ 


.  / 

•A 


Ammonia  Nitrogen  in  Gm.  per  Liter  of  Urine. 


Folin's  macro  aera- 
tion method. 

New  method. 

1 

Normal  urine 

0.107 

0.320 

0.460 

1.24 

0.37 

2.75 

4.14 

0.99 

1.68 

1.25 

1.81 

1.96 

2.00 

0.94 

0.42 

0.21 

0.110 

2 
3 

ti         ti 

» 

0.350 
0.480 

4 

.ti         tt 

1.27 

5 

tt             tt 

0.37 

6 

Cat            "    

2.70 

7 

Diabetic    "     

4.00 

8 

ti         u 

0.98 

9 

tt         t< 

1.64 

10 

tt         tt 

1.32 

11 

tt         tt 

1.81 

12 

tt         tt 

1.98 

13 

a         tt 

2.00 

14 

Nephritic  "    

0.93 

15 

tt         tt 

0.43 

16 

tt         tt 

0.21 

/  • 


/ 


\ 


\ 
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By  OTTO  FOLIN  and  W.  DENIS. 

(From  the  Biochemical  Laboratories  of  the  Harvard  Medical  School  and  of 

the  Massachusetts  General  Hospital,  Boston.) 

(Received  for  publication,  July  27,  1916.) 

4 

All  methods  for  the  determination  of  urea  in  urine  dependent 
on  purely  chemical  processes  for  the  hydrolysis  of  the  urea 
are  apparently  destined  to  become  antiquated,  if  not  forgotten, 
because  of  the  abundant  supply  of  urease  now  available  for  such 
hydrolysis.  It  would  be  easy  to  devise  an  excellent  direct  Ness- 
lerization  method  for  the  determination  of  urea  in  urine  on  the 
basis  of  the  Folin-Pettibone  process,  in  which  the  urea  is  de- 
composed by  the  help  of  phosphoric  acid  and  heat;  but,  recogniz- 
ing the  superiority  of  urease  for  the  hydrolysis  of  urea  we  de- 
cided first  to  see  whether  a  combination  of  direct  Nesslerization 
with  a  urease  decomposition  of  the  urea  could  be  obtained. 

The  starting  point  of  our  research  was  the  idea  that  rn-phos- 
phoric  acid,  which  we  had  found  so  effective  for  the  removal  of 
blood  proteins,  might  be  used  to  remove  from  urine  the  urease 
materials  added  for  the  hydrolysis  of  the  urea,  and  should  thus 
yield  filtrates  suitable  for  direct  Nesslerization.  The  outcome\ 
proved  to  be  quite  in  accordance  with  our  expectations  and  the  \ 
remainder  of  the  research  has  consequently  been  only  a  matter 
of  deciding  certain  minor  details  in  the  practical  application  of 
the  method  to  urine.  Concerning  these  details  there  is  much 
room  for  choice  and  individual  preference. 

Since  the  added  urease-containing  material  is  removed  before 
Nesslerization  of  the  ammonia,  it  makes  no  difference  within 
rather  wide  limits  whether  much  or  little  of  the  material  is 
used,  or  whether  the  ferment  is  added  in  the  form  of  a  con- 
centrated enzyme  powder,  or  as  crude  soy  bean  flour  suspension. 
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In  our  work  we  use  chiefly  "soja  bean  meal"  sold  as  a  food  for 
diabetics,  and  which  can  be  obtained  from  any  wholesale  drug 

_hou§e.  — 

The  urea  determination  is  made  as  follows:  Transfer  1  cc.  of 
undiluted  urine  by  means  of  an  accurate  Ostwald  pipette  to  a 
100  cc.  volumetric  flask.  Add  0.1  to  0.25  gm.  soy  bean  meal 
in  the  form  of  a  1  per  cent  suspension.  Stopper  the  flask  and 
let  stand  for  1  hour  at  room  temperature,  or  for  15  minutes  in  a 
water  bath  at  about  50°C.  Add  25  cc.  water  and  1  cc.  fresh 
m-phosphoric  acid  solution  (25  per  cent)  and  mix;  then  add  about 
1  gm.  Merck's  blood  charcoal  and  a  little  more  water  (25  cc). 
Shake,  make  up  to  volume,  mix,  and  filter  through  a  dry  filter 
paper.  % 

The  soy  bean  meal  suspension  is  made  as  follows:  Transfer 
5  gm.  soy  bean  meal  to  a  mortar,  add  15  cc.  water,  and  rub  until 
a  uniform  paste  is  obtained.  Add  more  water  and  mix.  Rinse 
the  mixture  into  a  flask  or  bottle  with  water,  using  in  all  about 
400  cc.  water.  Add  100  cc.  alcohol  making  the  total  volume  of 
the  suspension  about  500  cc.  10  to  15  cc.  of  the  freshly  shaken 
suspension  is  used  for  each  determination.  The  suspension 
remains  good  for  at  least  2. days  .at  ordinary  room  temperature. 

We  have  verified  the  findings  of  Mateer  and  Marshall  that  the  jack 
bean  is  much  richer  in  urease  than  the  soy  bean;  the  latter  product  ^as, 
however,  the  great  advantage,  at  present,  that  it  is  readily  available  in 
finely  powdered  form  and  is  not  at  all  expensive. 

Transfer  from  5  to  20  cc.  of  the  filtrate  to  a  100  cc.  measuring 
flask.  The  amount  taken  should  contain  0.7  to  1.3  mg.  ammonia 
nitrogen.  Dilute  with  distilled  water  to  60  to  70  cc.  Nesslerize 
in  the  usual  way  and  compare  with  the  standard  (1  mg.  ammonia 
nitrogen  Nesslerized  in  another  100  cc.  flask). 

Urea  determinations  in  urine  are  seldom  made  except  in  con- 
nection with  total  nitrogen  determinations,  and  for  the  latter 
determination  the  urine  is  first  diluted  from  five  to  twenty  times. 
Instead  of  decomposing  1  cc.  of  undiluted  urine  for  the  urea  de- 
termination, 10  cc.  of  this  diluted  urine  may,  of  course,  be  used. 

The  following  parallel  urea  (+  ammonia)  determinations  made 
by  the  colorimetric  micro  method  and  by  the  Marshall-Van 
Slyke  method  show  that  the  results  obtained  are  identical.     We 
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have  not  considered  it  worth  while  to  check  off  the  results  by 
any  other  method,  because  all  who  have  worked  with  urease  are 
agreed  that  it  decomposes  urea  quantitatively  and  does  not 
decompose  any  other  nitrogenous  constituent  of  urine. 


Urea  Nitrogen  in  Gm.  per 

Liter  of  Urine. 

Colorimetrio  method. 

Marshall- Van  Slyke  method. 

1 

6.68 

6.58 

2 

6.63 

6.72 

3 

9.93 

9.91 

4 

9.10 

8.96 

5 

8.20 

8.12 

6 

5.44 

5.40 

7 

6.88 

6.83 

8 

10.16 

10.13 

9 

4.70 

4.90 

10 

3.40 

3.22 

/ 
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NITROGEN  DETERMINATIONS  BY  DIRECT 

NESSLERIZATION. 

V.   UREA  IN  BLOOD. 

By  OTTO  FOL1N  AND  W.  DENIS. 

(From  the  Biochemical  Laboratories  of  the  Harvard  Medical  School  and  of  the 

Massachusetts  General  Hospital,  Boston.) 

(Received  for  publication,  July  27,  1916.) 

The  determination  of  urea  in  blood  is  nearly  identical  with 
the  method  for  the  determination  of  urea  in  urine  described  in 
the  preceding  paper.  The  essential  points  in  the  method  are 
(a)  the  decomposition  of  the  urea  with  urease,  (b)  the  precipita- 
tion of  the  proteins  and  added  urease  material  with  w-phosphoric 
acid,  and  (c)  direct  Nesslerization  of  the  protein-free  filtrate. 

To  5  cc.  fresh  oxalated  blood  in  a  50  cc.  Tolumetric  flask  add 
about  0.1  gm.  soy  bean  meal  in  the  form  of  a  1  per  cent  suspension. 
Stopper,  and  let  stand  for  1  hour.  Then  add  25  cc.  water  and 
2  cc.  fresh  m-phosphoric  acid  solution  (25  per  cent),  and  make 
up  to  volume.  Mix  thoroughly,  let  stand  for  at  least  45  minutes 
(or  over  night  if  convenient),  and  filter.  To  the  filtrate  add 
0.5  gm.  Merck's  blood  charcoal,  shake  well,  and  filter.  In  the 
case  of  normal  or  approximately  normal  blood,  transfer  10  cc. 
of  the  last  filtrate  (corresponding  to  1  cc.  of  the  original  blood) 
to  a  25  cc.  volumetric  flask,  add  5  cc.  of  Nessler's  reagent  (made 
according  to  our  formula),  make  up  to  volume,  mix,  and  com- 
pare at  once  (within  10  minutes)  in  the  colorimeter  against  0.25  mg. 
ammonia  nitrogen  Nesslerized  in  a  50  cc.  flask  (with  10  cc.  Ness- 
ler's  reagent). 

If  only  2  cc.  of  blood  is  available  for  the  urea  determination 
the  process  is  exactly  the  same  (including  the  coagulation  in  a 
50  cc.  flask)  except  that  20  cc.  of  the  final  filtrate,  corresponding 
to  0.8  cc.  of  blood,  is  taken  for  the  Nesslerization. 

As  in  the  non-protein  nitrogen  determination,  it  is  often  de- 
sirable to  have  two  or  three  different  ammonia  nitrogen  standards 
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ready  for  the  color  comparison.  This  is  especially  the  case  when 
working  with  only  2  cc.  of  blood,  or  when  working  with  blood 
in  which  abnormally  high  urea  contents  may  be  expected. 

In  the  parallel  urea  determinations  recorded  below  we  used 
(a)  the  colorimetric  method  described  above,  and  (b)  Marshall's 
urease  method,  in  which  the  ammonia  was  isolated  by  aeration 
and  titrated.  The  urease  used  in  connection  with  the  second 
method  was  a  concentrated  product  prepared  by  the  Arlington 
Chemical  Company  according  to  Van  Slyke's  directions. 

Urea  Nitrogen  in  Mg.  per  100  Cc.  of  Blood. 


Direct  NeeslerUation  method. 

Marshall's  urease  method. 

1 

12.0 

12.0 

2 

17.0 

16.5 

3 

17.0 

17.0 

4 

22.0    ♦ 

21.8 

5 

75.5 

75.0 

6 

15.0 

15.0 

7 

13.5 

13.5 

8 

16.5 

16.3 

9 

26.4 

26.2 

THE  RELATIVE  EXCRETION  OF  PHENOLS  BY  THE 
KIDNEYS  AND  BY  THE  INTESTINE. 

By  OTTO  FOLIN  and  W.  DENIS. 

(From  the  Biochemical  Laboratories  of  the  Harvard  Medical  School  and  of  the 

Massachusetts  General  Hospital,  Boston.) 

(Received  for  publication,  July  27,  1916.) 

Last  year  we  described  a  new  colorimetric  method  for  the 
determination  of  phenols  in  urine,1  and  also  published  a  series  of 
analytical  results  illustrating  the  total  phenol  content  of  urine, 
and  the  distribution  of  the  phenol  between  the  free  and  the 
conjugated  forms.  At  that  time  our  plan  was  to  extend  the 
research  in  an  analogous  manner  first  to  feces  and  finally  to  blood, 
and  we  hoped  to  bring  these  investigations  to  a  conclusion  in  a 
reasonably  short  time.  The  outcome  has  not  been  entirely 
satisfactory.  Our  phenol  determinations  in  stools  suffer  from 
one  theoretically  serious  source  of  error  which  we  have  not  been 
able  to  remove.  Our  "phenols"  in  feces,  include  any  tyrosine 
which  may  be  present,  and  if  it  were  not  for  the  fact  that  the 
total  phenols  (even  including  the  tyrosine)  are  often  extraordi- 
narily small  in  comparison  with  the  phenol  content  of  urine,  we 
should  not  care  to  record  our  findings  or  the  method  by  which 
they  were  obtained. 

Inasmuch  as  practically  no  quantitative  investigations  are 
available  concerning  the  phenol  contents  of  stools,  and  since 
practically  nothing  is  known  concerning  the  quantitative  relation- 
ship between  the  total  phenol  contents  of  the  urine  and  of  the 
feces,  our  method  and  our  results  are  not  without  value,  at  least 
for  purposes  of  general  orientation  with  regard  to  this  subject. 

Our  method  for  the  determination  of  the  total  phenols  in  feces 
is  as  follows:    The  24  hour  amount  of  feces  is  weighed  (on  a 

1  Folin,  O.,  and  Denis,  W., J.  Biol.  Chem.,  1915,  xxii,  305. 
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good  platform  balance),  thoroughly  mixed,1  and  a  portion  weighed 
out  to  within  0.1  gm.  The  quantity  of  feces  to  be  taken  varies 
greatly  with  the  nature  of  the  stool.  In  soft,  pasty  stools  20  gm. 
is  a  convenient  quantity,  in  more  solid  feces  10  gm.  can  be  han- 
dled with  better  results,  while  in  diarrheal  stools  it  is  sometimes 
necessary  to  use  40  to  50  gm.  The  stool  if  semisolid  is  thoroughly 
mixed  with  40  cc.  of  water  and  transferred  quantitatively  to  a 
100  cc.  volumetric  flask;  in  liquid  stools  the  addition  of  water  is 
of  course  unnecessary.  20  cc.  of  10  per  cent  solution  of  sodium 
aluminium  sulfate  (or  ordinary  alum)  is  first  added,  with  shaking, 
and  then  1  cc.  of  5  per  cent  lead  acetate  solution  is  added.  The 
flask  is  then  filled  to  the  mark  with  water,  shaken,  allowed  to 
stand  5  minutes,  and  its  contents  are  filtered  through  a  folded 
filter.  5  cc.  of  the  filtrate  is  pipetted  into  a  100  cc.  volumetric 
flask,  to  it  are  added  25  cc.  of  water,  3  cc.  of  phosphotungstic 
phosphomolybdic  acid  reagent3  and  25  cc.  of  20  per  cent  sodium 
carbonate  solution.  The  flask  is  then  filled  with  water  to  the  100 
cc.  mark,  shaken,  and  allowed  to  stand  for  15  minutes  (or  longer 
if  convenient),  after  which  its  contents  are  centrifuged  or  filtered 
and  read  in  the  Duboscq  colorimeter  against  a  standard  solution 
of  phenol. 

As  a  standard  we  use  a  solution  of  pure  phenol  in  0.1  n 
HC1  containing  1  mg.  of  the  former  substance  in  10  cc.  10  cc.  of 
this  solution  when  treated  with  the  same  amounts  of  reagent, 
and  sodium  carbonate,  as  are  used  with  the  unknown,  and  made 
up  with  water  to  100  cc.  gives  a  convenient  standard  when  the 
colorimeter  is  set  at  20  mm.  As  even  the  highest  grades  of  phenol 
contain  some  water,  it  is  always  necessary  to  standardize  the 
standard  phenol  solution  by  means  of  the  iodometric  titration.4 

5  A  shaking  machine  can  be  advantageously  used  at  this  point  to  obtain 
thorough  mixing  of  soft  stools;  by  employing  an  ordinary  steel  spatula, 
with  patience,  excellent  mixtures  may,  however,  be  obtained  without  the 
use  of  a  shaker. 

*  This  reagent  is  prepared  by  boiling  gently  for  2  hours  750  cc.  water, 
100  gm.  sodium  tungstate,  20  gm.  phosphomolybdic  acid,  50  cc.  phos- 
phoric acid  (85  per  cent),  and  100  cc.  hydrochloric  acid  (concentrated). 
At  the  end  of  the  period  of  heating  the  mixture  is  cooled  and  diluted  to  a 
volume  of  1  liter.  This  formula  for  the  preparation  of  the  phenol  reagent 
is  better  than  our  original  one.  It  was  worked  out  by  Dr.  Richard  Bell 
in  this  laboratory  in  connection  with  another  investigation. 

4  For  the  method  used  in  this  standardization  see  Folin  and  Denis,  /. 
Biol.  Chem.,  1915,  xxii,  307. 
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The  precipitation  method  as  outlined  above  has  been  tested 
with  "artificial  feces"  (consisting  of  a  mixture  of  soap,  neutral 
fat,  egg  albumin,  and  calcium  phosphate)  to  which  had  been 
added  known  amounts  of  various  pure  mono-  and  diphenols. 
In  every  case  99.5  to  100  per  cent  of  the  added  phenol  was  recov- 
ered. 

In  using,  this  method  on  the  excreta  of  hospital  patients,  it 
must  be  borne  in  mind  that  many  drugs  are  phenol  derivatives, 
and  would,  if  excreted  even  in  part  by  way  of  the  intestine,  lead 
to  erroneous  results.  Salicylic  acid  and  aspirine  (acetyl  salicy- 
lic acid)  are  the  most  commonly  used  examples  of  this  class  of 
drugs,  and  while  these  bodies  are  largely  excreted  by  the  kidneys, 
a  sufficient  quantity  passes  out  by  way  of  the  intestine  to  cause 
grave  errors  in  the  determination  of  fecal  phenols. 

While  it  is,  of  course,  advisable  to  make  the  determinations  in 
fresh  material,  we  have  found  that  in  the  case  of  feces  from  normal 
persons  there  was  no  change  in  the  phenol  content  on  24  hours 
storage  at— 2°C,  and  but  slight  increase  when  the  stools  were  kept 
at  this  temperature  for  48  hours. 

A  finding  not  without  interest  which  has  been  noted  during 
the  working  out  of  the  above  method,  is  the  fact  that  the  phenols 
in  feces  exist  in  a  free  or  unconjugated  condition,  as  shown  by  the 
fact  that  even  after  long  boiling  with  mineral  acids  stool  extracts 
give  no  higher  phenol  values  than  before  this  treatment. 

The  determination  of  phenols  in  the  feces  of  persons  fed  on 
coarse  vegetables  and  fruit  is  extremely  unsatisfactory  on  ac- 
count of  the  difficulty  of  securing  representative  samples;  there- 
fore and  for  the  purpose  of  furnishing  some  basis  of  comparison  it 
seemed  desirable  to  obtain  results  on  a  certain  number  of  normal 
individuals  fed  on  a  test  diet  which  might  be  used  in  pathological 
cases.  To  this  end  we  have  made  a  number  of  observations  on 
men  (surgical  convalescents)  who  were  fed  on  a  diet  consisting 
of  300  gm.  of  bread,  75  gm.  of  butter,  six  eggs,  and  1,500  cc.  of 
milk.  In  a  few  instances  this  proved  too  large  an  amount  of 
food  to  suit  individual  tastes  and  had  to  be  slightly  reduced. 

The  figures  recorded  in  Table  I  are  cited  as  showing  the  nor- 
mal distribution  of  phenols  in  the  stools  and  in  urine.  The  indi- 
viduals represented,  though  hospital  patients,  were  normal  in  that 
they  were  convalescent  surgical  (fracture)  cases  suffering  from 


Phenols 


,*. 

Dry  wciiht. 

Totmlphenoii. 

luitcm- 

Tnuri™. 

f*. 

»*- 

fm. 

A 

1 

21.6 

0  10 

0  62 

2 

3.7 

0.02 

0  44 

3 

0 

0 

0  59 

" 

4 

20  0 

0.08 

0  54 

A 

45.3 

0  20 

2  19 

B 

1 

98 

0.04     " 

0  37 

2 

40 

0.02 

0  43 

3 

5  5 

0  03 

0  35 

B 

19.3 

0  09 

1  15 

C 

1 

24.0 

0.05 

0  39 

2 

11.1 

0.02 

0  30 

.3 

0 

0 

0  31 

C 

35.1 

0.07 

1  00 

D 

1 

6.6 

0.03 

0.41 

2 

14.8 

0.09 

0.59 

3 

41.0 

0  15 

0  40 

4 

0 

0 

0  56 

D 

62.4 

0.27 

1  96 

E 

1 

30.4 

0  17 

0.29 

" 

a 

0 

0 

0  35 

" 

3 

29  1 

0  09 

0.40 

4 

26.0 

0.13 

0  20 

s 

25  5 

0  10 

0  31 

E 

111.0 

0  49 

1.55 

F 

1 

0 

0 

0.34 

2 

0 

0 

0  34 

3 

3  0 

0  06 

0  30 

4 

31  0 

0 .21 

0.30 

' 

6.2 

0  10 

0  29 

[■• 

40.2 

0.37 

1  57 
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TABLE  l— Concluded. 


Subject. 

Days. 

Feces. 
Dry  weight. 

Total  phenols. 

In  feces. 

In  urine. 

gm. 

gm. 

gm. 

G 

1 

10.0 

0.12 

0.29 

« 

2 

0 

0 

0.36 

u 

3 

20.0 

0.05 

0.35 

it 

4 

14.0 

0.10 

0.46 

tt 

5 

12.0 

0.04 

0.47 

G 

62.0 

0.31 

1.93 

• 

t 

H 

1 

9.2 

0.02 

0.27 

u 

2 

20.0 

0.04 

0.35 

u 

3 

12.8 

0.03 

0.34 

u 

4 

15.9 

0.07 

0.36 

[< 

5 

16.2 

0.05 

0.34 

II 

6 

14.1 

0.02 

0.31 

it 

7 

12.2 

0.07 

0.32 

«< 

8 

10.3 

0.06 

0.41 

H 

110.7 

0.36 

2.70 

1 

1 

4.2 

0.05 

0.39 

«< 

2 

12.2 

0.23 

0.22 

a 

3 

11.0 

0.06 

0.25 

u 

4 

16.2 

0.08 

0.25 

tt 

5 

0 

0 

0.41 

1 

43.6 

0.42 

1.52 

no  known  metabolism  disorder,  and  because  they  passed  their 
stools  without  the  aid  of  laxatives  or  enemdtal  The  last  named 
point  is  of  the  greatest  consequence  in  the  study  of  the  phenols 
of  feces,  because  laxatives  and  enemata  almost  invariably  bring 
about  a  very  large  increase  in  the  products  giving  the  phenol 
reaction.  Experiments  illustrating  this  fact  are  recorded  in 
Table  II. 
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TABLE  U. 


Subject. 

Days. 

Feoes. 
Dry  weight. 

Total  phenols. 

Remarks. 

In  feoes. 

In  urine. 

K 

« 

« 

1 
2 
3 

4 

gm. 

21.5 

0 
12.0 

0 

gm. 

0.17 

0 
0.04 

0 

gm. 

0.25 
0.44 
0.40 
0.41 

Normal  period,  no  cathartic. 

K 

33.5 

0.21 

1.50 

K 

u 

u 
« 

5 
6 

7 
8 

22.0 
11.5 
17.0 
40.0 

0.28 
0.16 
0.24 
0.48 

0.30 
0.32 
0.35 
0.29 

Daily  cathartic  consisting  of 
15  gm.  MgS04. 

K 

90.5 

1.16 

1.26 

C 

« 

1 
2 
3 

24.0 

11.1 

0 

0.05 

0.02 

0 

0.39 
0.30 
0.31 

Normal  period. 

C 

35.1 

0.07 

1.00 

c 

« 
« 

4 
5 
6 

36  0 
15.0 
26.0 

0.12 
0.14 
0.10 

0.37 
0.30 
0.30 

• 

One  enema  per  day. 

c 

77.0 

0.36 

0.97 

In  Table  III  are  given  a  few  figures  showing  the  phenol  excre- 
tion in  cats  and  in  rabbits.  During  the  experimental  period  the 
cats  were  fed  on  lqan  raw  meat,  the  rabbits  on  rolled  oats. 


table  in. 


Subject. 

Time. 

Total  phenols. 

In  feoes. 

In  urine. 

Cat  1 

days 

4 

7 
4 
7 
5 

gm. 

0.03 
0.06 
0.03 
0.15 
0.07 

gm. 

0.28 

"     2 

0.56 

"    3 

0.22 

Rabbit  1 

.    0.55 

"      2 

0.35 
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SUMMARY. 

A  colorimetric  method  for  the  determination  of  phenols  in 
stools  is  described.  From  a  study  of  the  urinary  and  intestinal 
phenol  excretion  in  normal  men,  the  conclusion  is  reached  that 
normally,  and  in  the  absence  of  diarrhea,  laxatives,  or  enemata, 
a  very  small  fraction  (from  7  to  20  per  cent)  of  the  phenols  formed 
is  eliminated  by  the  intestine. 
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THE  EFFECT  OF  THE  ADDITION  OF  ALKALI  TO  SEA 

WATER  UPON  THE  HYDROGEN  ION 

CONCENTRATION. 

By  A.  R.  HAAS. 
{From  the  Laboratory  of  Plant  Physiology,  Harvard  University,  Cambridge.) 

(Received  for  publication,  July  18,  1916.) 

The  addition  of  alkali  to  sea  water  has  been  employed  in  im- 
portant biological  experiments1  such  as  those  upon  the  develop, 
ment  of  sea  urchin  eggs,  parthenogenesis,  spermatozoan  activity- 
duration  of  life  of  Parametria,  cell  oxidation,  rhythmic  move- 
ments, and  permeability. 

It  has  been  observed  that  the  NaOH  reacts  with  the  magnesium 
in  the  sea  water  in  such  cases,  causing  the  precipitation  of  mag- 
nesium hydrate.  Artificial  sea  water  containing  no  magnesium 
has  been  used  in  some  instances  to  obviate  this  difficulty.2  Before 
it  is  possible  in  experiments  in  which  NaOH  is  added  to  sea  water 
to  correlate  the  results  with  the  decreased  hydrogen  ion  concen- 
tration, it  is  necessary  to  study  first  the  effect  which  such  addi- 
tions of  alkali  have  upon  the  hydrogen  ion  concentration  of  the 
sea  water. 

Sodium  hydroxide  solution  was  prepared  by  titrating  with 
normal  oxalic  acid  solution,  using  phenolphthalein  as  indicator. 
The  strength  of  the  alkali  was  found  in  this  way  to  be  2.4813  n. 
The  alkali  was  purposely  made  very  strong  so  as  to  cause  as 
little  dilution  of  the  sea  water  as  possible.  Care  was  taken  in 
all  operations  to  protect  the  alkali  from  the  CO2  of  the  atmosphere. 
Especially  the  lower  outlet  of  the  burette,  where  ordinarily  the 
drops  of  alkali  become  exposed  to  the  CO2  of  the  air,  was  kept 
continually  bathed  in  an  atmosphere  of  hydrogen. 

1  Hober,  R.,  Physikalische  Chemie  der  Zelle  und  der  Gewebe,  Leipeic, 
4th  edition,  1914,  195. 

*  Harvey,  E.  N.,  Carnegie  Institution  of  Washington,  Year  Book  No.  10, 
1911,  128. 
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A  24  cc.  sample  of  sea  water  was  then  titrated  by  the  use  of  the 
gas  chain,  at  a  temperature  of  21°C.  The  resulting  hydrogen 
ion  concentrations  of  the  sea  water  were  observed  for  small 
additions  of  the  alkali.  The  same  figures  were  obtained  a  second 
time  when  a  duplicate  titration  was  made. 

Results  of  Additions  of  Alkali  to  Sea  Water  upon  the  Hydrogen  Ion 

Concentration. 


Reading  on  the  burette  containing 
2.4813  n  NaOH. 

Hydrogen  ion  concentration  of  the 
sea  water. 

cc. 

7.28  at  start. 

1.3  X  10-«  at  start. 

7.33 

9.0  X  10-" 

7.40 

7.0  X  10-" 

7.42 

7.0  X  10-» 

7.46 

6.5  X  10~" 

7.56 

6.5  X  10-" 

7.62 

6.5  X  10-" 

7.70 

6.5  X  10-" 

7.78 

6.0  X  10-" 

7.87 

5.9  X  10-" 

7.91 

5.6  X  10-" 

8.00 

5.0  X  10-" 

8.08 

4.2  X  10-" 

8.15 

4.0  X  10-" 

8.21 

3.3  X  10-" 

8.30 

2.2  X  10-" 

8.39 

7.0  X  10-" 

8.45 

2.4  X  10-,f 

8.55 

1.0  X  10-" 

8.68 

6.7  X  10-" 

8.79                      ' 

4.8  X  10-11 

8.89 

3.8  X  10-" 

9.00 

3.2  X  10-" 

These  gas  chain  titration  values  of  the  hydrogen  ion  concen- 
tration of  sea  water  for  small  additions  of  strong  alkali  have  been 
plotted  upon  logarithmic  paper.  The  abscissa  represents  burette 
readings  of  the  alkali,  while  the  ordinate  represents  the  hydrogen 
ion  concentration.  It  should  be  noted  that  the  ordinates  do 
not  give  PH  numbers  except  at  the  heavy  cross  lines.  If,  for  ex- 
ample, we  begin  at  14  on  the  ordinate  and  read  downwards  along 
the  ordinate,  we  read  the  following  hydrogen  ion  concentrations: 
1  X  lO"14  heavy  line,  1.5  X  lO"14,  2  X  10~14,  3  X  10-14,  4  X  10"14, 
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5  X  10"M  heavy  line,  6  X  lO"",  7  X  10-'*,  8  X  10"'*,  9  X  10"", 
10  X  10-",  or  1  X  10-'a  heavy  line,  1.5  X  10"13,  etc. 

At  any  hydrogen  ion  concentration  along  the  ordinate  we  can 
readily  obtain  the  hydroxy  1  ion  concentration  by  subtracting  the 
hydrogen  ion  concentration  from  1  X  10_u.  If  at  1  X  10~a, 
we  wish  to  know  the  hydroxy!  ion  concentration  of  the  sea  water 
instead  of  the  hydrogen  ion  concentration,  we  subtract  1  X 
10_*  from  1  X  10~14  which  gives  us  1  X  10-6  as  the  hydroxy!  ion 
concentration  of  sea  water  when  the  hydrogen  ion  concentration 
is  1  X  10"s. 

The  titration  curve  shows  that  on  adding  alkali  to  aea  water 
the  hydroxy  1  ion  concentration  at  first  rises  rapidly  and  then 
very  slowly  until  the  magnesium  hydrate  has  all  been  precipi- 
tated. After  this,  further  additions  of  alkali  cause  a  more  rapid 
rise  in  the  concentration  of  the  hydroxyl  ion  but  this  rise  is 
soon  checked  by  the  precipitation  of  calcium  hydroxide.  After 
the  calcium  hydroxide  is  all  precipitated  further  addition  of  alkali 
will  cause  a  corresponding  increase  in  the  concentration  of  the 
hydroxyl  ion. 


; .  i  * 
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Himitc  readings  of  the  2  4813  N  NaOH  added  to  24  cc.  sea  water. 

Fig.  1.    Curve  showing  changes  in  the  hydrogen  ion  concentration 

f  sea  water  upon  the  addition  of  alkali  at  21°C. 


TRANSLOCATION  OF  SEED  PROTEIN  RESERVES  IN 
THE  GROWING  CORN  SEEDLING. 

By  C.   J.  V.  PETTIBONE  and  CORNELIA  KENNEDY. 

(From  the  Biochemical  Laboratory t  Department  of  Physiology  of  the  Medical 
School,  University  of  Minnesota,  Minneapolis.) 

(Received  for  publication,  July  24,  1916.) 

Among  the  important  biochemical  problems  which  have  reached  solu- 
tion in  the  last  decade  few  have  attracted  more  interest  than  the  con- 
troversy over  the  form  in  which  the  digestion  products  of  the  proteins  are 
transported  by  the  blood  to  the  various  tissues  of  the  animal  body.  Foiin 
and  Denis1  demonstrated  an  increase  of  non-protein  nitrogen,  which 
was  neither  urea  nor  ammonia,  in  the  blood  of  cats  after  injection  of  gly- 
cocoll  into  an  isolated  loop  of  the  intestine.  Abderhalden*  succeeded  in 
isolating  various  ami  no-acids  from  large  quantities  of  blood,  but  con- 
cluded that  the  amounts  present  represented  surplus  amino-acids  which 
were  left  over  after  the  circulating  protein  had  been  built  up  in  the  intes- 
tinal wail.  Van  Slyke  and  Meyer*  by  their  now  well  known  method  for 
the  estimation  of  amino  nitrogen  demonstrated  not  only  the  presence  of 
amino-acids  in  the  blood,  but  a  marked  increase  in  their  amount  after  a 
protein  meal.  Abel,  Rowntree,  and  Turner4  have  isolated  amino-acids 
from  the  blood  by  vividiffusion.  As  the  supporters  of  the  theory  that 
amino-acids  were  resynthesized  to  protein  in  the  intestinal  wall  before 
entering  the  circulation  had  based  their  conclusions  upon  negative  evi- 
dence— the  failure  to  demonstrate  the  presence  of  amino-acids  in  the 
blood — the  results  above  cited  served  to  settle  the  controversy. 

In  view  of  the  establishment  of  the  fact  that  in  animals  the 
proteins  of  the  food  enter  the  blood  stream  and  are  transported 
to  the  tissues  at  least  in  large  measure  in  the  form  of  amino-acids, 
it  would  be  of  interest  to  settle  the  same  problem  in  connection 
with  the  transference  of  reserve  seed  proteins  in  plants.  A 
study  was  undertaken  of  the  form  in  which  the  reserve  proteins  of 

• 

1  Folin,  O.,  and  Denis,  W.,  J.  Biol.  Chem.,  1912,  xi,  87. 

*  Abderhalden,  E.,  Z.  physiol.  Chem.,  1913,  lxxxviii,  480. 

•  Van  Slyke,  D.  D.,  and  Meyer,  G.  M.,  J.  Biol.  Chem.,  1912,  xii,  399. 

4  Abel,  J.  J.,  Rowntree,  L.  G.,  and  Turner,  B.  B.,  J.  Pharm.  and  Exp. 
Therap.,  1913-14,  v,  275. 

519 


520       Seed  Protein  Reserves  in  Corn  Seedlings 

the  kernel  are  transported  in  the  growing  corn  seedling.  The 
demonstration  that  the  translocation  of  protein  nourishment  is 
by  way  of  the  amino-acids  would  be  of  interest  in  establishing 
another  link  in  the  fundamental  resemblances  of  the  plant  and 
animal  kingdoms. 

That  amino-acids  are  present  in  plant  tissues  and  fluids  has 
been  shown  by  various  investigators,  and  many  specific  amino- 
acids  have  been  detected  by  characteristic  color  tests,  or  even 
have  been  isolated.  But  there  appears  to  have  been  no  attempt 
to  correlate  the  presence  of  amino-acids  with  a  transference  of 
protein  food  reserves,  although  such  a  possibility  has  been  sug- 
gested by  Thompson  in  his  work  on  the  Alaska  pea.6 

In  approaching  the  problem  one  is  confronted  with  the  difficulty 
that  the  seed  undoubtedly  does  not  produce  large  quantities  of 
amino-acids  and  then  transfer  them  to  the  growing  parts  of  the 
plant  where  resyn thesis  of  protein  is  taking  place.  The  hydrolysis 
of  the  seed  protein  may  well  be  considered  a  gradual  process,  the 
hydrolytic  products  being  transported  to  the  growing  parts  and 
built  up  into  tissue  protein.  Thus  it  will  be  seen  that  in  any 
part  of  the  seedling  the  total  amounts  of  amino-acids  present 
at  any  one  time  will  be  small,  even  though  the  transference  of 
protein  in  this  way  is  considerable.  Thus  to  establish  the  point 
it  will  be  necessary  to  demonstrate  the  presence  of  amino-acids 
in  the  flowing  sap.  If  the  protein  material  of  the  seed  diminishes, 
and  that  of  the  growing  parts  increases  while  amino-acids  are 
constantly  present  in  both  places,  the  presence  of  these  compounds 
in  the  flowing  sap  will  indicate  beyond  question  that  the  pro- 
tein transference  is  made  by  way  of  the  intermediate  stage  of  the 
amino-acids. 

Our  observations  were  made  on  corn  seedlings  grown  in  flat 
granite  or  porcelain  dishes  of  tap  water,  the  kernels  being  sup- 
ported on  wire  gauze  or  perforated  porcelain  plates  so  that  they 
were  kept  moist,  but  were  not  completely  submerged.  The 
water  was  changed  frequently.  For  the  estimation  of  total 
nitrogen  and  amino-nitrogen  in  the  various  parts  of  the  plant 
twenty  seedlings  of  the  size  desired  were  selected,  the  plumule 
and  rootlet  removed,  and  the  parts  dried  in  vacuo  at  70-80°. 

1  Thompson,  T.  G.,  /.  Am.  Chem.  Soc,  1915,  xxxvii,  230. 
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Total  nitrogen  was  determined  by  the  Kjeldahl  method.  For 
amino  nitrogen  the  material  was  ground,  and  extracted  with  hot 
water,  acidified  with  acetic  acid,  and  the  determination  of  amino 
nitrogen  carried  out  according  to  the  micro  method  of  Van  Slyke.' 
It  will  be  seen  from  the  accompanying  tables  and  graphs  (Table 
I  and  Graph  1)  that  as  the  total  nitrogen  of  the  seed  diminishes 
the  combined  total  nitrogen  of  root  and  plumule  increases,  indi- 
cating transference  of  nitrogenous  material.     The  sum  total  of 

TABLE  I. 

Mg.  of  Total  Nitrogen  from  Twenty  Kernels. 


Siaa  of  plumule  in 

Snd. 

PI  lunula. 

«. 

Unap  routed. 

93  6 

0.0 

0  0 

i 

75.0 

12.3 

8.2 

1 

70.5 

15  6 

7.2 

1* 

56.5 

13.7 

5.0 

2 

54.7 

22.6 

8.8 

2i 

49.9 

18.1 

13.8 

3 

57.4 

29.6 

9.7 

31 

54.2 

28.2 

13  5 

4 

54.4 

34  0 

10.4 

6 

46  4 

33.8 

11.6 

6 

55.6 

50.8 

24.8 

7 

35  2 

48.3 

14  5 

8 

21.9 

42.5 

■    16.1 

9 

58.2 

57.0 

18.0 

10 

23.1 

57.5 

30.7 
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nitrogen  in  the  entire  seedling  shows  an  average  value  approxi- 
mating that  in  the  unsprouted  kernel,  with  perhaps  a  tendency 
toward  slight  increase,  due  no  doubt  to  assimilation  of  nitrogen 
or  nitrogen  compounds  from  the  air  or  water. 

The  figures  and  graphs  for  amino-acid  nitrogen  (Table  II, 
Graph  2),  on  the  contrary,  show  fairly  uniform  values,  excepting 
the  rather  considerable  increase  in  the  amount  in  the  seed  during 
the  early  stages  of  growth  up  to  the  time  where  the  plumule  had 
reached  \  inch  in  length.  It  is  evident  that  ammo-acids  are 
present  in  seed,  rootlet,  and  plumule  at  all  stages  of  growth  up 
to  .the  10  inch  plumule,  and  in  fairly  uniform  amounts.  Thus 
nitrogenous  material  is  transported,  and  amino  acids  a 

TABLE  II. 

Mg.  of  Amino-Acid  Nitrogen  from  Twenty  KerneU. 


Si»  of  plumule  in 

Seed. 

Plumule. 

Root. 

Unsprouted. 

1.0 

0.0 

0.0 

i 

17.5 

1.0 

2.2 

i 

0.4 

1.9 

2.5 

1} 

9  0 

1.5 

1.4 

2 

2.9 

1.1 

0.2 

21 

2.8 

6.8 

3.0 

3 

4.1 

0.0 

0.6 

3J       • 

0.4 

0.0 

0.7 

4 

0.3 

1.5 

S 

3.5 

2.5 

0.1 

6 

5.1 

1.4 

0.1 

7 

3.5 

3.0 

1.4 

8 

1.8 

4.5 

5.6 

9 

1.8 

7.0 

1.0 

10 

2.2 

6  8 

1.0 

($?/}pH 

JJ 

/V 

.■;■', 

O-ftrM/ 

vr. 

ri 

Jiie  ofPlumula  in  inches 
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at  all  stages  of  growth  in  each  portion  of  the  seedling.  It  only 
remains  to  demonstrate  that  the  transported  nitrogen  is  in  the 
form  of  amino-acids. 

To  do  this  it  was  necessary  to  demonstrate  the  presence  of 
amino-acids  in  the  flowing  sap.  The  process  proved  to  be  extreme- 
ly  laborious,  as  the  amounts  of  sap  to  be  obtained  from  corn  seed- 
lings are  extremely  small,  and  since  the  concentration  of  amino- 
acids  in  the  sap  would  naturally  be  low,  fairly  large  amounts  of 
sap  would  be  required  for  each  analysis.  The  sap  was  obtained 
as  follows. 

Seedlings  were  grown  as  described  above.  When  the  plumules 
had  grown  to  a  length  of  about  4  inches,  they  were  cut  off  about 
1  inch  above  the  seed  with  a  sharp  scalpel.  In  order  that  the  sap 
which  slowly  collected  on  the  top  of  the  stump  might  not  evaporate, 
the  dish,  containing  usually  300  to  500  seedlings,  was  covered  with 
an  inverted  Petri  dish  resting  upon  a  moistened  towel  laid  around 
the  edge  of  the  dish.  This  formed  a  moist  chamber  which  pre- 
vented the  evaporation  of  the  exuding  sap  and  also  kept  the  cut 
ends  of  the  plumule  stump  from  drying.  From  ten  to  fifteen 
such  dishes  were  prepared  at  a  time,  making  a  total  of  from  3,000 
to  5,000  seedlings. 

It  was  found  that  tiny  drops  of  sap  gathered  on  the  plumule 
stump  in  the  course  of  about  3  hours.  These  drops  were  removed 
by  means  of  a  capillary  pipette,  and  the  sap  was  collected  in  a 
test-tube.  This  test-tube  was  kept  in  a  freezing  mixture,  so  that 
the  sap  was  frozen  as  soon  as  collected,  thus  preventing  "spoiling. 
The  seedlings  usually  survived  the  amputation,  and  after  bleed- 
ing sap  24  to  36  hours,  began  to  grow.  A  second  cutting  was 
sometimes  attempted,  but  with  indifferent  results,  as  the  seed- 
lings usually  turned  brown  and  died  during  the  1st  day.  Sap 
from  such  seedlings  was  rejected.  In  this  way  it  was  possible  to 
gather  in  the  neighborhood  of  10  cc.  of  sap  in  a  day,  the  time  and 
care  of  the  growing  seedlings  making  it  possible  to  obtain  15  to 
20  cc.  per  week. 

The  sap  was  analyzed  as  follows.  10  cc.  of  sap  were  made  up  to 
100  cc.  with  ethyl  alcohol,  and  allowed  to  stand  over  night.  A 
faint  cloudiness  indicated  the  presence  of  traces  of  protein  ma- 
terial. The  alcoholic  filtrate  was  concentrated  to  2  to  3  cc.  in 
vacuo,  30  cc.  of  water  were  added,  and  the  concentration  was 
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repeated.  The  liquid  (about  1  cc.)  was  carefully  rinsed  into  the 
burette  of  the  Van  Slyke  apparatus  and  a  determination  of  the 
amino-acid  nitrogen  made.  In  this  way  eleven  portions  of  about 
10  cc.  each  were  collected  and  analyzed.  In  all  cases  the  analysis 
showed  amino-acid  nitrogen.  It  seemed  apparent,  therefore, 
that  amino-acids  were  present  in  the  flowing  sap.  There  remained 
the  possibility,  however,  that  the  compounds  present  were  pep- 
tides or  simpler  protein  decomposition  products. 

To  settle  this  question  the  last  six  portions  of  sap  in  alcohol 
were  mixed  two  and  two,  each  solution  thus  representing  about 
20  cc.  of  sap.  Equal  portions  of  each  combined  filtrate  were  then 
analyzed  for  amino-acids,  one  as  described  above,  the  other  after 
removal  of  the  alcohol  and  heating  in  a  water  bath  with  concen- 
trated hydrochloric  acid  for  24  hours  (Van  Slyke6).  In  case  the 
amino  compounds  present  in  the  sap  were  peptides  or  simpler 
proteoses,  the  amino  determination  after  hydrolysis  would  show 
a  marked  increase  in  the  amount  of  amino  nitrogen,  due  to  the 
setting  free  of  amino-acids  formerly  held  in  peptide  linkage.  The 
ratio  of  amino-acid  nitrogen  in  the  unhydrolyzed  sap  to  the  amount 
after  hydrolysis  would  vary  according  to  the  complexity  of  the 
peptides  present  and  according  to  their  relative  amount.  By 
consulting  the  figures  in  Table  III,  26  A  and  B,  27  A  and  B,  and 
33  A  and  B,  it  will  be  seen  that  in  two  out  of  the  three  sets  of 

table  in. 

Mg.  of  Amino-Acid  Nitrogen  in  Flowing  Sap. 


So. 


21 

22 

23 

24 

25 

26A 

26B 

27A 

27B 

33A 

33B 


Amount 
analysed. 


cc. 

9.55 

8.04 

10.07 

10.0 

10.63 

10.1 

10.1 

9.1 

9.1 

9.1 

9.1 


N  per  100  oc. 


0.512 

0.342 

0.542 

4.86 

3.65 

1.72 

0.74 

1.44 

1.77 

1.70 

2.98 
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Remarks. 


Duplicates 


■} 


tt 


it 


Not  hydrolysed. 
Hydrolysed. 
Not  hydrolysed. 
Hydrolysed. 
Not  hydrolysed. 
Hydrolysed. 


•  Van  Slyke,  D.  D.,  J.  Biol.  Chcm.,  1912,  xii,  295. 
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duplicates  there  actually  was  an  increase  in  amino  nitrogen  after 
hydrolysis.  Apparently  then,  the  sap  contained,  in  addition  to 
free  amino-acids,  also  some  more  complex  products  of  protein 
hydrolysis,  but,  as  the  value  was  in  no  case  doubled,  the  amount 
appears  to  be  small  in  comparison  to  the  amount  of  free  amino- 
acids. 

CONCLUSION. 

Thus  it  is  clear  that  amino-acids  are  present  in  the  flowing 
sap  of  corn  seedlings.  Since  these  compounds  are  present  at  all 
times  in  seed,  rootlet,  and  plumule,  their  presence  in  the  flowing 
sap  coupled  with  the  above  demonstrated  migration  of  nitrogen, 
indicates  beyond  question  that  the  process  of  transportation  of 
the  reserve  proteins  of  the  seed,  to  furnish  building  material  for 
the  proteins  of  the  growing  parts,  takes  place  in  a  manner  analo- 
gous to  the  transportation  of  protein  food  supplies  in  the  animal 
organism.  The  appearance  of  a  slight  cloudiness  when  the  sap 
was  mixed  with  alcohol,  and  the  relatively  slight  increase  in  amino- 
acid  nitrogen  after  hydrolysis  suggest,  however,  that  a  portion 
of  the  nitrogen  may  be  transported  in  the  form  of  soluble  pro- 
tein or  protein  hydrolytic  products  of  peptide  type.  It  is  the 
intention  of  one  of  us  to  investigate  this  point  further. 


THE  INFLUENCE  OF  THE  COLOR  FROM  THE  SODIUM 
PICRATE  IN  THE  DETERMINATION  OF  CREAT- 
ININE IN  BLOOD  AND  URINE. 

By  F.  H.  McCRUDDEN  and  C.  S.  SARGENT. 

(From  the  Laboratories  of  the  Robert  B.  Brigham  Hospital,  Boston.) 

(Received  for  publication,  July  26,  1916.) 

The  color  obtained  on  mixing  together  picric  acid  and  alkali 
is  very  similar  to  that  obtained  on  mixing  together  picric  acid, 
creatinine,  and  alkali  according  to  Folin's  method  of  determining 
creatinine.  It  seemed  reasonable  to  suppose,  therefore,  that 
in  a  mixture  containing  much  picrate  and  little  creatinine,  such 
as  is  obtained  in  determining  creatinine  in  the  blood,  an  undue 
proportion  of  the  color  might  be  due  to  the  picrate  alone  and  that 
this  color  effect  might  invalidate  the  final  results  and  so  explain 
certain  irregularities  we  had  been  finding  in  carrying  out  tripli- 
cate determinations  of  the  creatinine  in  the  blood. 

The  experiments  recorded  here,  therefore,  were  carried  out 
to  determine  how  much  the  color  from  the  picrate  alone  affects 
the  results  obtained  in  the  determination  of  creatinine  in  the 
blood  and  urine  by  the  methods  of  Folin.1 

Analyses  1  to  12  show  the  extent  of  inaccuracy  in  the  final 
result  produced  by  the  "picrate"  color  when  the  technique  for 
the  determination  of  creatinine  in  the  blood  is  employed.2  Vary- 
ing amounts  of  a  0.005  per  cent  creatinine  in  picric  acid  solution 

1  Folin,  O.,  On  the  determination  of  creatinine  and  creatine  in  urine, 
J.  Biol.  Chem.,  1914,  xvii,  469;  On  the  determination  of  creatinine  and  crea- 
tine in  blood,  milk,  and  tissues,  ibid.,  1914,  xvii,  475. 

2  In  carrying  out  the  analyses  recorded  in  this  paper  calibrated  pipettes, 
burettes,  volumetric  flasks,  and  a  calibrated  Duboscq  colorimeter  were 
used  throughout  in  the  measurements,  and  the  most  scrupulous  care  was 
taken  to  use  them  accurately.  In  using  Ostwald  pipettes,  for  example, 
numerous  weighings  show  that  with  our  technique  the  pipettes  can  give 
nearly  as  accurate  results  as  an  analytical  balance.  The  time  element 
in  making  the  tests  was  controlled  with  a  watch. 
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(0.5,  0.6,  0.7,  0.8,  0.9, 1.0, 1.1,  1.2, 1.3,  1.4,  and  1.5  cc.)  were  made 
up  to  10  cc.  with  saturated  picric  acid  solution;8  0.5  cc.  of  10 
per  cent  sodium  hydroxide  was  added  and  the  mixtures  were 
allowed  to  stand  10  minutes.  The  mixture  containing  1.0  cc.  of 
creatinine  solution  was  used  as  the  standard  and  set  at  20  in  the 
Duboscq  colorimeter.    Table  I  and  Chart  A  show  the  results. 

table  is 

A  Comparison  of  Actual  Readings  with  Calculated  Readings  when  Creatinine 
Is  Determined  According  to  the  Technique  for  Creatinine 

Determination  in  Blood. 


Experiment  No. 

Amount  of  creatinine 
solution. 

Calculated  rending. 

Actual  reading. 

1 

0.0 

oc 

25.7 

2 

0.5 

40 

25.7 

3 

0.6 

33.3 

22.0 

4 

0.7 

28.6  ' 

25.5 

5 

0.8 

25.0 

21.7 

6 

0.9 

22.2 

23.4 

7 

1.0 

20.0 

20.0 

8 

1.1 

18.2 

21.2 

9 

1.2 

16.7 

18.7 

10 

1.3 

15.4    " 

20.4 

# 

11 

1.4 

14.3 

18.0 

12 

1.5 

13.3 

18.4 

*  All  determinations  were  made  in  duplicate. 

The  results  indicate  clearly  that  the  influence  of  the  picrate 
color  is  very  great;  note  especially  Experiment  1  showing  that 
the"picrate"  color  alone  is  nearly  as  strong  as  that  of  the  standard. 

Experiments  13  to  23  were  designed  to  determine  how  much 
deviation  from  the  calculated  readings  the  "picrate"  color  causes 
when  creatinine  is  determined  according  to  the  technique  for  the 
determination  of  creatinine  in  the  urine. 

To  a  series  of  saturated  solutions  of  picric  acid  (20  cc.  each) 
were  added  respectively  0.5,  0.6,  0.7,  0.8,  0.9,  1.0,  1.1,  1.2,  1.3, 
1.4,  and  1.5  cc.  of  a  0.001  per  cent  solution  of  creatinine  in  0.1  n 
hydrochloric  acid;  1.50  cc.  of  10  per  cent  sodium  hydroxide  were 
added,  the  solution  was  allowed  to  stand  10  minutes  and  then 
made  up  to  100  cc.    The  mixture  containing  1.0  cc.  of  the  crea- 

'  1.2  gm.  of  picric  acid  in  100  cc.  of  water. 
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Chart  A.  A  comparison  of  actual  readings  with  calculated  readings 
when  creatinine  is  determined  according  to  the  technique  for  creatinine 
determination  in  the  blood.  The  abscissae  indicate  the  number  of  cc.  of 
0.005  per  cent  creatinine  used;  the  ordinates  indicate  readings  in  the  colori- 
meter. The  full  line  shows  calculated  readings;  the  dotted  line  actual 
readings. 
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tinine  solution  was  used  as  a  standard  and  set  at  20.0  in  the 
colorimeter.    Table  II  and  Chart  B  show  the  results. 

It  will  be  seen  from  the  chart  and  table  that  in  the  technique 
for  urine  analysis,  especially  when  the  amount  of  creatinine  is 
large,  the  effect  of  the  "picrate"  color  is  not  very  great. 

A  possible  answer  to  the  question  of  why  the  "picrate"  color 
effect  is  comparatively  great  in  the  case  of  the  determination  of 
creatinine  in  the  blood,  comparatively  small  in  the  case  of  the 
determination  of  the  creatinine  in  the  urine,  was  discernible  in 
the  fact  that  the  proportion  of  picrate  to  creatinine  is  about  ten 
times  greater  in  the  concentrations  of  these  substances  used  in  the 


TABLE  II. 

A  Comparison  of  Actual  Readings  vrith  Calculated  Readings  when  Creatinine 
Is  Determined  According  to  the  Technique  for  Creatinine 

in  Urine. 


Experiment  No. 


13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 


Amount  of  creatinine 
solution. 


0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 


Calculated  reading. 

Actual  reading. 

40.0 

30.9 

33.3 

28.6 

28.6       * 

25.5 

25.0 

24.4 

22.2 

21.9 

20.0 

20.0 

18.2 

18.4 

16.7 

16.4 

15.4 

15.6 

14.3 

14.4 

13.3 

13.3 

standards  for  blood  analysis  than  in  those  used  for  urine  analysis. 
For  example,  in  the  10  cc.  mixture  of  picrate  and  creatinine  used 
as  the  ."blood  creatinine"  standard  in  the  foregoing  tests  there 
are  0.120  gm.  picric  acid  and  0.00005  gm.  creatinine — a  propor- 
tion of  2,400  picrate  to  1  creatinine;  in  the  100  cc.  mixture  of 
picrate  and  creatinine  used  for  the  "urine  creatinine' '  standard, 
there  are  0.240  gm.  picric  acid  and  0.001  gm.  creatinine — a 
proportion  of  240  picrate  to  1  creatinine.  It  is  inevitable,  there- 
fore, that  the  color  due  to  picric  acid  should  have  a  greater  dis- 
turbing effect  on  the  final  result  in  the  blood  analysis  than  it 
has  in  the  urine  analysis. 
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Chart  B.  A  comparison  of  actual  readings  with  calculated  readings 
when  creatinine  is  determined  according  to  the  technique  for  creatinine 
determination  in  the  urine.  The  abcissse  indicate  the  number  of  cc.  of 
0.001  per  cent  solution  of  creatinine  used;  the  ordinates  indicate  readings 
in  the  colorimeter.  The  full  line  shows  calculated  readings;  the  dotted 
line  actual  readings. 
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To  determine  more  precisely  how  great  a  disturbance  the 
presence  of  picric  acid  itself  has  on  the  reaction  it  became  neces- 
sary to  determine  the  color  effect  of  the  picrate  in  terms  of  the 
creatinine  color.  Since  the  creatinine  color  cannot  be  developed 
except  in  an  excess  of  picrate  itself,  it  is  not  possible  to  compare 
the  "picrate"  color  alone  with  the  "creatinine"  color  alone. 
But  it  is  possible  to  determine  what  concentration  of  creatinine 
in  picrate  gives  a  color  twice  as  intense  as  that  given  by  the  pic- 
rate alone.  In  such  a  mixture  half  the  color  is  due  to  the  picrate 
and  half  to  the  creatinine;  and  the  amounts  of  creatinine  and  pic- 
rate present  are,  therefore,  those  which  give  equal  amounts  of 
color. 

A  set  of  tests  according  to  the  blood  analysis  technique  showed 
that  a  solution  containing  0.12  gm.  of  picric  acid  and  0.00025 
gm.  of  creatinine  in  10  cc.  gives  approximately  twice  as  deep  a 
color  as  a  solution  containing  0.12  gm.  picrate  alone  in  10  cc.  A 
set  of  tests  by  the  urine  analysis  technique  showed  that  a  solu- 
tion containing  0.24  gm.  of  picrate  and  0.0005  gm.  creatinine 
in  100  cc.  gives  approximately  twice  as  deep  a  color  as  a  solution 
containing  0.24  gm.  picrate  alone.  From  these  tests  it  is  clear 
that  0.00025  gm.  creatinine  gives  as  deep  a  color  as  0.12  gm.  of 

picrate,  or  0.0005  gm.  of  creatinine  gives  as  deep  a  color  as  0.24 

.0.12  0.24 

gm.  of  picrate.     In  other  words  creatinine  gives  ?    or     -^ ; 

that  is,  500  times  as  deep  a  color,  gram  for  gram  as  picrate.4 

We  now  have  the  data  to  determine  how  much  of  the  color 
in  the  creatinine  determination  is  due  to  picrate  alone  and  how 
much  to  creatinine. 

In  the  blood' analysis  the  amount  of  picrate  present  in  the  10 
cc.  is  0.12  gm.,  the  amount  of  creatinine  in  an  average  standard 
0.00005  gm.  If  now  we  call  the  unit  of  color  that  degree  of  color 
given  by  1  mg.  of  picrate  alone,  then,  in  the  blood  analysis, 
120  units  of  color  are  due  to  the  picrate  and  500  X  0.05  =  25 
units  due  to  the  creatinine.  In  other  words  five-sixths  of  the 
color  is  due  to  the  picrate  alone  and  only  one-sixth  to  the  crea- 
tinine. 
In  the  urine  analysis  the  amount  of  picrate  present  in  100  cc. 

4  This  ratio  of  500  to  1  is  only  a  rough  approximation. 
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is  0.24  gm.,  the  amount  of  creatinine  in  an  average  standard  0.001 
gm.  Using  the  same  unit  of  color  as  before — that  given  by  1 
mg.  of  picrate  alone — 240  units  of  color  are  due  to  picrate  alone 
and  500  units  of  color  to  creatinine.  In  this  case  about  two- 
thirds  of  the  color  is  due  to  creatinine  and  only  one-third  to  the 
picrate  alone. 

SUMMARY. 

The  data  show  that  the  color  due  to  the  creatinine  in  the  de- 
termination of  creatinine  in  the  urine  is  only  two-thirds  of  the 
total  color;  and  indicate  clearly  how  important  it  is,  therefore, 
to  use  amounts  of  urine  having  very  nearly  the  same  amounts 
of  creatinine  as  the  standard.  The  data  emphasize  further  a 
fact  that  we  have  long  recognized  empirically  and  acted  upon 
in  our  own  laboratory;  namely,  that,  in  determining  creatinine 
from  day  to  day  in  any  one  patient  as  a  control  of  the  care  with 
which  24  hour  specimens  of  urine  are  collected,  the  amount  of 
creatinine  in  the  specimens  taken  for  analysis  should  be  the  same 
from  day  to  day;  in  other  words  the  urine  should  be  made  up  to 
the  same  volume  from  day  to  day  and  the  same  aliquot  portion 
taken  for  analysis. 

From  the  data  it  is  clear  that  in  the  determination  of  creatinine 
in  the  blood  the  color  due  to  creatinine  is  such  a  small  propor- 
tion of  the  total  color  that  analysis  gives  no  information  whatever 
concerning  the  amount  of  creatinine  present;  thg  slight  variations 
obtained  in  duplicates  can  be  accounted  for  by  slight  variations 
in  the  amount  of  picric  acid  in  the  solution. 

In  the  light  of  these  experiments  it  is  clear  that  all  that  has  been 
written  hitherto  concerning  the  physiology  of  creatinine  and  creatine 
needs  careful  revision;  much  of  it  will  have  to  be  modified,  some  of  it 
— all  that  concerning  creatinine  and  creatine  in  the  blood,  for  ex- 
ample — will  have  to  be  rejected  altogether. 
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(Received  for  publication,  July  11,  1916.) 
INTRODUCTION. 

In  studies  of  nitrogen  metabolism  in  plants,  one  of  the  most 
striking  observations  has  been  that  asparagine  accumulates  to  a 
considerable  extent  in  shoots  of  growing  seedlings,  especially 
when  germinated  in  the  dark  for  2  to  3  weeks,  but  disappears 
during  later  growth.  This  observation  has  been  the  subject  of 
much  discussion  in  physiology  for  a  number  of  years.  Different 
theories  have  been  proposed  to  explain  the  physiological  r61e  of 
asparagine  and  the  chemical  processes  involved  in  its  accumula- 
tion in  plant  metabolism,  but  the  problem  has  not  yet  been 
definitely  solved. 

The  first  significant  study  of  asparagine  in  plants  was  made  by  Robert 
Sachsse  as  early  as  1873. 1  His  method  included  extraction  of  the  tissue 
with  water,  precipitation  of  proteins  by  mercuric  chloride,  removal  of  mer- 
cury by  hydrogen  sulfide,  treatment  of  the  concentrated  residue  by  alkaline 
potassium  hypobromite,  and  volumetric  measurement  of  the  nitrogen 
evolved.  This  gave  the  ammoniacal  nitrogen.  The  amide  nitrogen  was 
determined  by  the  increase  of  nitrogen  obtained  by  the  method  following 
acid  hydrolysis.  It  is  sufficient  to  state  that  this  method  is  open  to  sev- 
eral sources  of  error. 

Schulze,2  in  1880,  in  working  with  lupine  seedlings,  reported  that  about 
30  per  cent  of  the  total  nitrogen  was  in  the  form  of  asparagine.  He  used 
two  methods:  the  crystallization  method,  which  consisted  in  extracting  the 

*  Abstract  of  a  thesis  presented  by  Barnett  Sure  in  partial  fulfilment  of 
the  requirements  for  the  degree  of  B.S.  at  the  University  of  Wisconsin. 

1  Sachsse,  R.,  t)ber  eine  Methode  zur  quantitativen  Bestimmung  des 
Asparagins,  Landw.  Versuchs.,  1873,  xvi,  61. 

2  Schulze,  E.,  Ueber  den  Eiweissumsatz  im  Pflanzenorganismus,  Landw. 
Jahrb.,  1880,  ix,  689. 
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dried  seedlings  and  evaporating  to  a  small  volume,  when  the  substance 
crystallized  out;  and  the  Sachsse  acid  hydrolysis  method.  He  explains  the 
role  of  asparagine  in  the  metabolism  of  the  plant  as  due  to  destruction  of 
nitrogen-free  substances  in  excess  of  the  protein  catabolism;  hence  the 
accumulation  of  protein  decomposition  products,  of  which  asparagine  is  one. 

Miiller,'  in  1887,  in  working  with  dahlia,  tobacco,  coleus,  corn,  and  vari- 
ous other  plants,  also  found  a  great  accumulation  of  this  amide,  but  offers 
a  different  explanation  for  its  formation.  He  believes  that  asparagine  is 
formed  synthetically  and  not  as  a  decomposition  product.  It  is  possible, 
he  states,  that  sugars  are  oxidized  to  alcohols  and  acids,  and  by  the  union 
of  the  acids  with  ammonia  asparagine  might  be  formed.  This  would  ex- 
plain the  disappearance  of  nitrogen-free  substances  as  carbohydrates,  and 
at  the  same  time  the  accumulation  of  asparagine. 

Schulze  then  modified  his  theory  to  assume  that  amino-acids  resulting 
from  proteolysis  might  be  converted  into  asparagine. 

Suzuki,4  of  the  Agricultural  Experiment  Station  of  Tokyo,  proved  that 
ammonia,  when  offered  in  the  form  of  ammonium  salts  to  the  plant  in  water 
cultures  in  larger  doses  than  are  needed  for  the  immediate  protein  forma- 
tion, is  transformed  into  asparagine  and  is  stored  up  as  such  for  further 
us  e. 

Prianischnikow  and  Schulow8  conducted  experiments  similar  to  that  of 
Suzuki,  and  also  found  that  by  supplying  ammonium  salts  an  increased 
yield  of  asparagine  was  obtained.  They  suggest  that  asparagine  might 
result  from  the  union  of  ammonia  and  aspartic  acid  with  loss  of  water,  but 
that  aspartic  acid  may  not  be  the  particular  substance  on  which  ammonia 
acts. 

Wassiliewfl  has  corroborated  Schulze's  findings  that  the  disappearance 
of  asparagine  at  maturity  is  accompanied  by  an  increase  in  protein  mate- 
rial, but  the  most  significant  fact  which  he  brings  out  is  that  the  produc- 
tion of  amide  nitrogen  is  accompanied  by  a  decrease  in  amino-acid  nitrogen. 

Suzuki,7  in  later  experiments,  grew  one  lot  of  plants  in  the  presence  and 
another  in  the  absence  of  oxygen.  In  the  absence  of  oxygen  he  found  no 
increase  of  asparagine  over  the  control  plants,  but  a  striking  increase  was 
found  in  the  presence  of  oxygen.  He  also  found  a  remarkable  decrease  of 
amino-acids  in  the  presence  of  oxygen.  He  therefore  concludes  that  as- 
paragine originates  from  the  oxidation  of  amino-acids. 

'  Miiller,  C.  O.,  Ein  Beitrag  zur  Kenntnis  der  Eiweissbildung  in  der 
Pflanze,  Landw.  Versuchs.,  1887,  xxxiii,  311. 

4  Suzuki,  U.,  On  the  Formation  of  Asparagine  in  Plants  under  Different 
Conditions,  Tokyo  Coll.  Agric.  Bull.,  1894,  ii,  409. 

5  Prianischnikow,  D.,  and  Schulow,  J.,  t)ber  die  synthetische  Aspara- 
ginbildung  in  den  Pflanzen,  Ber.  bot.  Ges.,  1910,  xxviii,  253. 

1  Wassiliew,  N.,  Eiweissbildung  im  reifenden  Samen,  Ber,  bot.  Ges., 
1908,  xxvi,  a,  454. 

7  Suzuki,  On  the  Formation  of  Asparagine  in  the  Metabolism  of  Shoots, 
Tokyo  Coll.  Agric.  Bull.,  1902,  iv,  351. 
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The  purpose  of  the  present  investigation  was  to  determine 
whether,  during  germination,  there  is  a  direct  relation  between 
the  disappearance  of  amino-acids  and  the  accumulation  of  amides, 
as  determined  by  methods  more  strictly  quantitative  than  those 
formerly  used. 

EXPERIMENTAL. 

In  order  to  show  clearly  any  relation  between  amino-acids  and 
amides  during  early  stages  of  plant  growth,  it  appeared  impor- 
tant to  follow  the  changes  of  total  and  water-soluble  nitrogen,  as 
well  as  various  components  of  the  latter. 

Analytical  Methods. — The  method  used  for  the  determination 
of  the  ammoniacal  and  amide  nitrogen  was  that  introduced  by 
Folin8  for  urine  analysis,  employing  aeration  before  and  after 
acid  hydrolysis.  The  method  used  for  the  determination  of 
amino-acid  nitrogen  was  that  introduced  by  Van  Slyke.9  Van 
Slyke's  improved  method  determines  only  the  a-nitrogen  of 
amino-acids  by  allowing  reaction  for  5  minutes,  the  other  nitro- 
gen of  the  diamino  and  heterocyclic  amino-acids  not  being  in- 
volved. The  present  investigation,  therefore,  resolves  chiefly 
into  a  study  of  the  relation  of  a-amino-acids  to  the  accumulation 
of  amides  in  the  metabolism  of  the  plant. 

Preliminary  separation  trials  gave  quantitative  results  from  a 
mixture  of  pure  asparagine,  glycocoll,  and  ammonium  sulfate. 
It  was  observed  that,  when  only  1  mg.  of  amino  nitrogen  from 
asparagine  is  measured  in  the  Van  Slyke  amino  apparatus,  as- 
paragine reacts  with  only  one  of  its  nitrogen  atoms  with  nitrous 
acid  in  5  minutes,  probably  with  the  a-amino  nitrogen  atom. 
However,  when  5  mg.  of  amino  nitrogen  from  asparagine  are 
measured  in  the  apparatus,  asparagine  reacts  with  only  95  per 
cent  of  the  amino  nitrogen.  In  working  with  plant  materials, 
therefore,  corrections  were  made  accordingly. 

In  all  cases  where  ammonia  was  present  it  was  removed  before 
subjecting  the  plant  extract  to  determinations  of  amino  nitrogen. 

The  pea  plant  (Little  Gem,  dwarf  variety)  was  chosen  as  the 

•Folin,  O.,  Approximately  Complete  Analysis  of  Thirty  "Normal" 
Urines,  Am.  J.  Physiol.,  1905,  xiii,  45. 

•  Van  Slyke,  D.  D.,  A  Method  for  Quantitative  Determination  of  Ali- 
phatic Amino  Groups,  J.  Biol.  Chem.,  1911,  ix,  185;  1912,  xii,  275. 
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object  of  investigation  because  its  seed  has  a  large  amount  of  re- 
serve material  and  the  seedling  will  grow  for  almost  a  month  in 
pure  sand  before  decomposition  effects  become  prevalent.  Since 
it  was  the  purpose  of  this  investigation  to  compare  seedlings  at 
several  stages  of  germination,  the  pea  was  consequently  a  desir- 
able plant  to  work  with.  Moreover,,  it  is  a  member  of  the  legume 
family,  in  which  protein  metabolism  is  especially  extensive. 

About  400  gm.  of  air-dried  peas  were  soaked  for  about  12  hours 
in  distilled  water  and  planted  in  sand  in  a  greenhouse.  The 
sand  was  spread  about  8  inches  deep  on  soil  under  a  bench  and 
watered  with  distilled  water  daily.  By  suspending  gunny  sacks 
around  the  bench  the  seedlings  were  partially  etiolated.  This 
was  for  the  purpose  of  stimulating  the  accumulation  of  amides 
by  retarding  photosynthesis.  After  5  days  the  seedlings  were 
harvested  an*  freed  from  sand  by  washing  quickly  in  a  rapid 
stream  of  water.  Care  was  taken  to  avoid  loss  of  epidermis  from 
the  cotyledons.  By  thus  exposing  the  seedlings  to  water  for  a 
-very  short  time  no  appreciable  loss  of  nitrogen  by  leaching  could 
have  occurred. 

Approximately  100  gm.  of  green  material  were  used  for  pre- 
paring extracts;  10  gm.  were  weighed  out  in  duplicate  for  moisture 
determinations;  and  duplicate  portions  of  about  10  gm.  were 
taken  for  total  nitrogen  determinations.  Duplicate  extracts 
were  prepared  by  grinding  weighed  amounts  of  green  tissue  with 
sand  in  a  mortar.  Care  was  taken  to  add  a  2  per  cent  solution 
of  phenol  after  triturating  each  portion  of  samples  using  10  cc. 
per  500  cc.  of  extract.  5  cc.  of  toluene  were  also  added  per  500  cc. 
of  the  same  extract.  The  crushed  tissue  was  treated  with  water, 
extracting  to  a  volume  of  about  450  cc,  then  heated  to  boiling, 
and  six  to  seven  drops  of  a  10  per  cent  solution  of  acetic  acid  were 
added  to  coagulate  the  proteins.  The  coagulum  was  filtered  off 
on  quantitative  filter  paper,  washed  well  with  boiling  water,  and 
the  filtrate  diluted  to  500  cc.  Portions  of  25  cc.  were  taken,  in 
duplicate,  for  total  water-soluble,  ammoniacal,  and  amide  nitro- 
gen determinations. 

A  second  crop  was  harvested  after  13  days  of  growth,  another 
after  19  days,  and  the  last  after  26  days.  The  methods  of  analy- 
sis were  the  same  throughout  the  different  stages  of  growth. 

It  was  thought  possible  that  by  soaking  the  peas  over  night 
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before  planting  some  nitrogen  might  have  been  extracted.  Du- 
plicate samples  of  air-dried  peas  were  therefore  soaked  and  the 
extract  was  analyzed  for  total  nitrogen.  Only  0.07  per  cent  of  the 
total  nitrogen  of  the  seeds  was  found  in  the  extract,  showing  that, 
as  far  as  this  investigation  is  concerned,  the  amount  so  lost  is 
practically  negligible. 

Appearance  of  the  Plants  at  the  Different  Stages  of  Germination. 

The  seedlings  were  at  all  stages  healthy  and  vigorous,  with  the 
exception  of  the  cotyledons  at  the  last  stage.  At  the  26th  day 
stage  the  shoots  were  healthy,  but  the  cotyledons  gave  evidence 
of  bacterial  decomposition  in  some  cases.  Hence,  although  care 
was  taken  to  reject  decaying  material,  no  great  emphasis  can  be 
placed  on  the  analytical  data  procured  from  th^  cotyledons  at 
that  stage. 

After  5  days  the  seedlings  were  about  5  to  6  cm.  tall,  after  13 
days  a  pair  of  leaves  appeared,  after  19  days  three  to  four  pairs 
of  leaves  were  present,  and  after  26  days  the  growth  rate  was  ap- 
parently declining,  due  to  exhaustion  of  the  reserve  food.  Etio- 
lation was  not  complete,  as  indicated  by  the  pale  green  color  of 
the  seedlings. 

After  5  days  of  growth  the  plants  were  too  small  for  separation 
of  shoots  and  cotyledons.  Separation  of  these  two  different 
parts  of  the  plant  was  not  made,  therefore,  until  the  later  stages. 

All  data  are  consolidated  in  Tables  I  to  III,  and  are  presented 
in  the  graphs  of  Figs.  1  to  3. 
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TABLE  I. 
Nitrogen  in  Various  Forms  Calculated  as  Per  Cent  of  Dry  Matter. 


Seed. 

5  days. 

13  days. 

19  days. 

26  days. 

Kind  of  nitrogen. 

Shoot. 

Coty- 
ledon. 

Shoot. 

Coty- 
ledon. 

Shoot. 

Coty- 
ledon. 

Total 

4.81 
1.18 
3.63 

0.95 
0.01 
0.03 
0.03 
0.16 

5.20 
2.87 
2.33 

1.32 
0.20 
0.17 
0.42 
0.76 

5.60 
3.34 
2.26 

0.54 
0.22 
0.77 
0.55 
1.19 

4.66 
2.73 
1.93 

0.64 
0.20 
0.02 
0.68 
1.19 

9.86 
6.37 
3.49 

0.90 
0.37 
1.49 
0.96 
2.68 

3.70 
2.27 
1.43 

0.27 
0.36 
0.64 
None. 
1.01 

10.27 
6.08 
4.19 

0.52 
0  10 
1.75 
0.51 
3.20 

3  77 

Water-soluble 

Insoluble 

2  12 
1.65 

Protein  (water-sol- 
uble)   

0.40 

Ammoniacal 

Amide 

0.10 
0.45 

a-Amino 

None. 

Rest 

1.14 

The  above  figures  represent  averages  of  duplicate  determinations,  and 
in  the  case  of  the  seed  and  the  5  day  stage  the  figures  represent  averages 
of  determinations  made  from  duplicate  extracts. 


TABLE  II. 

Nitrogen  in  Various  Forms  Calculated  as  Per  Cent  of  Total  Nitrogen. 


Kind  of  nitrogen. 


Water-soluble 

Insoluble 

Protein  (water-sol- 
uble) . '. 

Ammoniacal 

Amide 

a-Amino 

Rest 


Seed. 


24.68 
75.31 

20.29 
0.20 
0.62 
0.72 
3.45 


5  days. 


55.18 
44.82 

25.48 
3.79 
3.15 
8.03 

14.50 


13  days. 


Shoot. 


59.56 
40.43 

9.62 

3.75 

13.83 

10.08 

22.29 


Coty- 
ledon. 


58.70 
41.32 

13.73 

4.40 

0.21 

14.59 

25.71 


19  days. 


Shoot. 


64.60 
35.40 

9.12 
3.75 

15.16 
9.52 

27.05 


Coty- 
ledon. 


61.30 
38.75 

7.29 

9.45 

17.29 

None. 

27.27 


28  days. 


Shoot 


59.20 
40.80 

5.06 
1.03 

16.82 
5.12 

31.15 


Coty- 
ledon. 


56.73 
43  27 

10.61 

3.04 

12.28 

None. 

30  50 
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TABLE  III. 

Nitrogen  tn  Variotu  Formi  Calculated  at  Per  Cent  of  Total  WaUrSolubh 

Nitrogen. 


Kind  of  nitrogen. 

Seed. 

6  dlya. 

13  days 

lSdAyn. 

Hd*L 

Bh«t. 

ledoo" 

Sboot. 

Coty- 

Won. 

Shoot. 

fi£ 

Protein  (water-sol- 

78.02 
0.81 
2.52 
2.94 

15.42 

46.13 
6.86 
5.68 
14  54 
26.73 

16.17 

6.28 
23.20 
17  05 
37.30 

23.42 
7.49 
0  35 

24.85 

43.89 

14  13 

5.80 
23.54 

14.77 
41.95 

11.40 
15.21 
28.20 

44.71 

8.55 
1.72 

28.50 
8.63 

52.60 

Ammoniaeal 

5.66 

« -Ami  no 

None. 
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Days  of  growth. 
Fig.  1.  Distribution  of  various  forms  of  nitrogen  in  shoot  and  cotyle- 
don.   The  solid  line  indicates  the  shoot;  the  dotted  line,  the  cotyledon. 


542        Nitrogen  Metabolism  of  the  Pea  Plant 


£ 

£      ~2. 

3                                                                   /       £ 

|u   —                            _^H5F_??_     ^__ 

%                                                  y"                    2_ 

—                                                                        a    ■  ? 

i»                        v     *52i-               : 

s         .>     -                /   3E£*_ 

1         $►■                  -,  v' 

1                S»                       fe.-^s-a, 

£"       -3           ^="    sEi.; 

°          sl  ,-'^2           s» 

=          -S-(-»z  c              ^v. 

8            «,-    -/                 -S 

i             t      t                   ^S- 

,»                J         r    n                           Me 

3                ?  V   -v                                ^E, 

1                 A    ^    /                                         S3       _ 

!        ^      v                           s 

1           Z2        J\                                      st 

»•          ^    C           £  \,                                                         _ 

1         ?    ^? — -^ESy2^i,M> 

1         t    a        ^:„=-s=£: 

5         -,     I?             5                % 

-'  ~tzt- s.:=:::_is- 

i    :jh':;::::::: ::!:S52;::: 

&       Z                                             : 

6«atf 

Days  of  growth. 
Fia.  2.  Relations  of  certain  water-soluble  forms  of  nitrogen  in  the  shoot. 
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DISCUSSION. 

Total  Nitrogen. 

Shoot. — The  total  nitrogen  in  the  shoot  percentagely  at  26 
days  is  a  little  more  than  double  that  found  in  the  original  seed. 
This  is  what  might  be  expected  according  to  Schulze's  theory 
that  decomposition  of  carbohydrates  in  the  shoot  is  more  rapid 
than  that  of  the  protein  bodies.  Nitrogenous  substances,  there- 
fore, increase  percentagely,  although  the  absolute  amounts  ought 
to  remain  unchanged  if  no  nitrogen  is  being  lost  by  exudation. 

One  might  regard  it  possible  that  the  total  nitrogen  involved  has 
not  been  dealt  with  in  this  investigation,  due  to  exudation  of  solu- 
ble nitrogen  compounds  from  the  seedlings  to  the  soil.  There  is 
conflicting  evidence  on  this  point  in  the  literature  and  no  definite 
conclusion  can  be  made.  However,  the  opportunities  for  such 
loss  of  nitrogen  were  the  same  in  this  work  as  those  which  obtain 
in  field  conditions  of  practical  agriculture. 

The  fact  that  the  total  nitrogen  increases  in  shoots  of  growing 
seedlings  percentagely  is  also  brought  out  by  Thompson10  in  his 
work  on  pea  seedlings. 

Cotyledon. — The  total  nitrogen  in  the  cotyledon  decreases,  pre- 
sumably, due  to  the  fact  that,  during  germination,  the  cotyledon 
is  the  seat  of  protein  catabolism.  A  great  portion  of  the  nitro- 
genous substances  are  transported  to  the  shoot;  hence  the  de- 
crease of  the  nitrogen  percentagely  in  the  cotyledon. 

Total  Water-Soluble  Nitrogen. 

Shoot — The  total  water-soluble  nitrogen  represents  the  total 
nitrogen  obtained  from  determinations  made  on  aliquots  of  the 
water  extract.     It  includes  the  water-soluble  protein  nitrogen. 

It  will  be  noted  from  the  graphs  of  Fig.  1  that  the  curve  for 
the  total  water-soluble  nitrogen  is  nearly  parallel  with  the  curve 
for  the  total  nitrogen.  Table  II  shows  that  this  form  of  nitrogen 
is  continually  increasing  as  percentage  of  the  total  nitrogen  with 
the  exception  of  the  last  stage,  where  a  slight  decrease  takes  place. 

Cotyledon. — The  graphs  of  Fig.  1  indicate  that  the  total  water- 

10  Thompson,  T.  G.,  The  Total  Amino  Nitrogen  Content  in  Seedlings  of 
the  Alaska  Pea,  J.  Am.  Chem.  Soc,  1915,  xxxvii,  230. 
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soluble  nitrogen  in  the  cotyledon  varies  nearly  parallel  with  the 
total  nitrogen;  and  Table  II  shows  that,  in  the  cotyledon,  the 
total  water-soluble  as  per  cent  of  the  total  nitrogen  also  increases 
throughout  the  full  period  investigated,  with  the  exception  of  the 
last  stage,  where  a  slight  decrease  occurs. 

Insoluble  Nitrogen. 

Shoot. — The  insoluble  nitrogen  constitutes  the  difference  be- 
tween the  total  and  water-soluble  nitrogen. 

It  will  be  noted  from  Table  II  that  the  insoluble  nitrogen,  as 
per  cent  of  the  total  nitrogen,  is  continually  decreasing  with  the 
exception  of  the  last  stage,  where  it  has  increased. 

Cotyledon. — The  insoluble  nitrogen  in  the  cotyledon,  as  per  cent 
of  the  total,  is  also  decreasing  throughout  all  the  stages  of  metabo- 
lism with  the  exception  of  the  last  stage,  where  it  has  increased. 
From  what  has  been  previously  mentioned  regarding  the  decay 
of  the  cotyledons  at  this  stage,  it  would  appear  that  this  late  in- 
crease of  insoluble  nitrogen  might  be  ascribed  to  the  action  of 
bacteria,  as  well  as  to  synthesis  of  insoluble  from  water-soluble 
compounds. 

Water-Soluble  Protein  Nitrogen. 

Shoot. — It  will  be  noted  from  the  graphs  of  Fig.  2  that  the 
water-soluble  protein  nitrogen,  in  the  shoot,  decreases  through- 
out the  different  stages  of  growth  as  per  cent  of  the  total  water- 
soluble  nitrogen.  Until  the  13th  day  of  growth  this  decrease 
might  be  ascribed  largely  to  the  fact  that  other  water-soluble 
nitrogenous  bodies,  as  ammonia  and  especially  amides  and 
a-amino-acids,  begin  to  accumulate.  From  the  13th  to  the  26th 
day  it  would  be  due  partly  to  the  utilization  of  water-soluble  pro- 
teins for  the  accumulation  of  insoluble  compounds,  as  shown  in 
Fig.  1. 

Cotyledon. — The  same  relation  which  obtained  in  the  shoot  ap- 
plies to  the  cotyledon,  with  the  exception  that  at  the  last  stage 
the  water-soluble  protein  nitrogen  has  somewhat  increased  as  per 
cent  of  the  total  water-soluble  nitrogen. 

■ 

Ammoniacal  Nitrogen. 

Shoot. — Only  traces  of  ammonia  are  present  in  the  seed,  but 
this  constituent  accumulates  apparently  as  a  by-product  of  pro- 
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tein  metabolism.  Its  amount  after  5  clays  of  growth  as  per  cent 
of  the  total  water-soluble  nitrogen  is  almost  constant  at  5,  13, 
and  19  days  in  the  shoot,  but  decreases  considerably  at  26  days. 
It  is  of  interest  to  note  that  while  the  ammonia  is  decreasing  the 
amide  nitrogen  is  rapidly  increasing  in  the  shoot. 

Cotyledon. — In  the  cotyledon  there  is  a  considerable  accumu- 
lation of  ammonia  at  19  days  to  the  extent  of  15  per  cent  of  the 
total  water-soluble  nitrogen.  It  decreases,  however,  to  6  per  cent 
at  26  days,  which  is  slightly  less  than  the  percentage  at  5  and  13 
days. 

It  seems  possible,  since  both  ammonia  and  carbohydrate  mate- 
rial disappear  when  amides  accumulate  that,  as  Miiller  originally 
proposed,  amides  might  be  produced  synthetically  from  these  two 
classes  of  substances. 

Amide  Nitrogen. 

Shoot. — The  amide  nitrogen  is  continually  increasing  in  the 
shoot  during  all  the  stages  of  growth.  At  the  last  stage  it  forms 
28  per  cent  of  the  total  water-soluble  nitrogen  or  17  per  cent  of 
the  total  nitrogen.  While  amides  accumulate  in  the  largest  pro- 
portions with  respect  to  the  total  water-soluble  nitrogenous  con- 
stituents, the  results  obtained  are  not  as  high  as  previous  inves- 
tigators have  reported.  This  may  be  due  to  faulty  methods  of 
analysis  formerly  used. 

It  will  be  noted  that  at  the  last  two  stages  of  growth  as  the 
amides  accumulate  the  a-amino-acids  and  ammonia  decrease. 

Cotyledon. — After  13  days'  growth  the  amides  almost  completely 
disappear  from  the  cotyledons.  This  would  indicate  that  at  that 
stage  the  small  amounts  of  amide  produced  in  the  cotyledon  after 
5  days'  growth  have  been  transported  to  the  shoot.  Amides  ac- 
cumulate in  the  greatest  proportions  at  19  days  in  the  cotyledon. 
It  is  interesting  to  note  that  the  a-amino-acids  drop  from  25 
per  cent  of  the  total  water-soluble  nitrogen  at  13  days  to  none 
at  19  days  in  the  cotyledon,  when  the  amides  have  accumulated 
to  a  greater  extent  than  in  the  shoot. 

Amino  Nitrogen.  , 

\ 

Shoot. — The  a-amino  nitrogen  in  the  shoot,  while  it  increasesvin 
the  first  two  stages  of  germination  as  a  result  of  protein  hydrcfay- 


i 


v 
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sis,  decreases  both  in  the  third  and  fourth  stages  when  the  amide 
nitrogen  is  rapidly  increasing. 

Thompson,10  applying  the  Van  Slyke  method  to  the  Alaska  pea, 
after  14  days  of  growth,  found  the  amount  of  amino  nitrogen  to 
be  19.41  per  cent  of  the  total  in  the  leaves  and  stem.  The  result 
reported  here  is  12.0  per  cent,  after  13  days  of  growth.  This  in- 
vestigator does  not  give  specific  information  about  his  method; 
i.e.,  whether  he  removed  ammonia  and  proteins  and  corrected 
for  amide  nitrogen  reacting  from  his  plant  extract.  If  he  omitted 
any  of  the  foregoing  steps,  his  results  would  be  high.  One  must 
consider,  moreover,  that  he  worked  with  a  different  variety  of 
pea  plant  grown  under  non-etiolating  conditions. 

Cotyledon. — The  relation  between  a-amino-acids  and  amides  in 
the  metabolism  of  the  etiolated  pea  plant  is  very  well  brought 
out  in  the  cotyledon.  The  a-amino-acids  drop  from  25  per  cent 
of  the  total  water-soluble  nitrogen  at  13  days  to  none  at  19  days 
while  the  amides  accumulate  from  practically  none  to  28  per 
cent  of  the  total  water-soluble  nitrogen. 

Rest  Nitrogen. 

Shoot  and  Cotyledon. — The  rest  nitrogen  constitutes  the  water- 
soluble  nitrogen  unaccounted  for  by  our  methods  of  analysis. 
It  is  obtained  by  subtracting  the  sum  of  the  water-soluble  pro- 
tein, ariimoniacal,  amide,  and  amino  nitrogen  from  the  total  water- 
soluble  nitrogen.  It  would  include  the  nitrogen  other  than  the 
a  form  of  diamino-acids,  heterocyclic  amino-acids,  peptones,  and 
polypeptides,  and  other  nitrogenous  compounds. 

In  the  later  stages  of  germination  these  bodies  accumulate  to 
over  one-half  of  the  total  water-soluble  nitrogen.  Lack  of  knowl- 
edge regarding  the  specific  compounds  of  this  fraction  of  the  total 
nitrogen  indicates  the  limitations  of  even  the  present  technique. 
In  the  near  future  we  should  have  reliable  methods  for  determin- 
ing these  bodies  with  a  view  to  learning  what  physiological  r61e 
they  play  in  the  metabolism  of  the  plant. 

SUMMARY. 

The  main  observations  made  in  this  study  of  the  nitrogen 
metabolism  of  the  etiolated  pea  plant  may  be  summarized  as 
follows. 
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1.  After  26  days  the  total  nitrogen  more  than  doubled  per- 
centagely  in  the  shoot.  This  was  possible  only  when  carbohy- 
drate decomposition  was  more  rapid  than  protein  disintegration, 
and  indicates  that  during  the  early  stages  of  growth  of  the  etio- 
lated pea  plant,  the  shoot  is  the  seat  of  rapid  carbohydrate 
catabolism. 

2.  The  total  nitrogen  somewhat  decreased  in  the  cotyledon 
and,  during  earlier  stages  of  growth,  a-amino-acids  accumulated 
in  the  cotyledon  even  to  a  greater  extent  than  in  the  shoot.  This 
indicates  that  catabolism  is  the  predominant  type  of  change  in 
protein  material  of  the  cotyledon  during  germination. 

3.  The  water-soluble  nitrogen  maintained  a  rather  constant 
proportion  of  the  total  nitrogen  throughout  the  period  of  growth 
investigated  with  the  exception  of  the  first  stage,  when  it  accumu- 
lated to  a  considerable  extent. 

4.  Ammonia  was  present  only  in  traces  in  the  seed,  but  ac- 
cumulated as  germination  advanced.    It  fluctuated  in  the  coty- 
ledon somewhat  parallel  to  amide  nitrogen,  but  in  the  shoot  it  ' 
decreased  while  amide  nitrogen  increased. 

5.  Amides  accumulated  in  the  shoot  throughout  all  the  different 
stages  of  germination,  but  not  in  so  large  proportions  as  previous 
investigators  have  reported.  This  may  be  due  to  the  faulty 
methods  of  analysis  formerly  employed.  In  the  cotyledon  the 
amide  nitrogen  fluctuated  somewhat  at  early  stages,  but  later 
increased  remarkably,  while  a-amino-acids  were  disappearing 
rapidly. 

6.  Amides  accumulated  while  carbohydrates  and  ammonia  de- 
creased. It  may  be  inferred  that  they  were  produced  syntheti- 
cally from  the  latter  compounds.  The  evidence  for  such  a  view 
from  this  study,  however,  is  insufficient  to  be  conclusive. 

7.  a-Amino-acids  accumulated  rapidly,  especially  in  the  coty- 
ledon during  the  earlier  stages  of  growth.  In  the  later  stages  of 
growth  they  decreased  considerably  in  the  shoot  and  disappeared 
rapidly  and  completely  from  the  cotyledon. 

8.  The  accumulation  of  amides  simultaneously  with  the  de- 
crease of  a-amino-acids  and  ammonia  in  the  shoot  indicates  that 
a-amino-acids  serve  for  amide  production  in  the  nitrogen  metabo- 
lism of  the  etiolated  pea  plant. 
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